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Cb) 



Li 



mm 



do 



(d) 



3A 



(2) 

1 

[Sim 1 3 m<o^'Sifim^stifc^'gm^t$- 
B!r22^g©»ffliafi5©wa4a:ar 4 c i t^ai t 

4 J: ^ ffiJRS^-r * C i a i r S iajR^ 8 tc 32 
[000 1] 

[000 21 40 

*/cs>tc. s;?<D*H«*i{tffl?<ir«,»s. mar. 
( 0 0 0 3 ) u/c. '^i^im\tnc^vx\t. ts*tc 



^832 0 00 - 1 07 87 0 
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[0004] --ys. »ft«i«itc«sn5^«gtctt. m 

*>3. SaisiSencfiSOjilBJil OOmliK-C*^. u 
a, S3 I 0 - I 5 m{D»aM«S*:fflSi[<i«ttU/cS 

[0 00 5] c<DX'>fj:m'i^icmi^htii>^m'S(m-^ 

[0006] *fc. «:WT6#ag:S»ffl»ffi 

[000 7] hifilyt^ffih, ttfiJbKlftiarSn^.^-O/'i 
C 0 0 0 8 ] rfj:t>t>. mTa^mtD^tc*«j4Ea«: 

[00091 ia6fCifi?|:(0-«m«tifi«:'rT. ia6ic 

f-zw^-i 2<D*K:ie;xAn-ftJ(«c»A3ni,. 

^x-X'Jr-i/Vi^i 4. 4J|H-Jr-i/>i/ I 6. ^lOfitfi 
112 0*-ca-r^.*gtD^dr--»i^l 8©40©dr 

[00 101 LA^Lfiiiih. $t(CliasnA:^r-i/>y 

i9mir-»if<r>mirtixi.*tc»>, *it>wrtiwer 

>S*mii^r, nfiPJ-i^-v^yortaJ:*) I 0-3 0% 

[00 1 1 ] tA^W:^&mmt. nbiijca-r^i 



3 

^7 -5 0 76 1 0^i>«iC«. tac*J{CfflS«Shfc#T 
[0 0 1 3 3 ifc. 1$f*iB**)>^5cS-:J<apgi^5Baw 

O9 8/0 0 6 2^(C«. :^v+>i5<-^iS14KW-r5C 

m;)> 6 ^ 7^ - ^ffi* -^^ > K u }\^^m^ > r 

[00 14] ^*¥7-a 07 6 1 0-^^«^>^>V^(3:S 

p§g^^®wo9 8/0 0 6 ^^^^/iw^^ilfcJ5mc^t\ 
[GO 1 5] */c, mm^y->\^yist'7:yv\^)v^m 

(0 0 1 6] ^^iC, ^^^7-5 0 76 1 0-^i^5C 
[0017] 

- 5 0 7 6 1 0-^>2i«*^U«ii(B4>HaWO9 8/0 40 
[0 0 1 9 } i/c. mx\t, ^jaS<riat;«Kffi«CJ:0 50 
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(002 01 56^. taGg^St^, a7CC7fvrJ:^ 
tC, 2(DJaa5tc51't3ii: 1 a, 2b€:Jf? 

WT4«l^7^/^Lr. 25{)S«^5ii5. fi£ 

[002 1 ] */c. v> K UJU^rfflt^r, pi—rts*^ 

[0 0 2 2] C(DPfla^»ytT?>Aii56tC. ^xli. HPS 
^i^RimWO9 8/0 0 6 2-^{C(J. v> K U 

[0023] -77, 1^^^ 7- 5 0 7 6 1 0 ^fi«[Cce8 

( 0 0 2 4 J 5 litR^^^^fflc^r^^^^a^ 
[0 02 5] -e<Ofc*. «ffiSti/c4K'S*'e(0:<J35ffl 



<4) 

S 

f 0 0 2 6 ] *^*i)i?»oJi-5 ii-anati, mi 

C 0 0 2 7 ] J fc. **iW4<JKiftL J: ^ <!:-r4<fe<Dail 

(002 8] *^W*i«j^it<t')<i:-r*f60iS 
C0029] 

I31±«;a5^-r S C i tc J: 0 §S{CS*ar * C tifiVif 
i. c<Dia^. Jgg|ifi£S¥*«5%W±iJi^.J:^«c. S? 

[003 1 ] */c. ±jS©<t-5>i:ffi:gffiifeJSgS^<* 

e©asis»©i^a?:iis-r5ci**a4i/t,>. sssajs 
( 0 0 3 2 ] $ ±m>j:^m'sm^9^» 

«. ia2PiaR©rta*ifitS3nrL»^:t,>^«B?:3?*^ 

ttictKXr>x{>9mtictifivii, cm 40 

^. «^3BiaeS©«ljKm^A< 1. 04J^a:iCt-Si:-5{C 
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( 0 0 3 5 ] ifc. aSt^JSAittS^txrc^/kl'^JSS 
ffiilSft^^©tt]BE>3tcii3. S^lfi*^ 

cn^ffiSLfcJf^CCB, S^g|5«C4sW565{©^* 

g*J:?qB i <!: L» -5 -5. 

( 0 0 3 7 ] i/c. :$»qg(C»&t£8-ffi£)if9»^f« 

«. i^s5fie5©rta*s. #«^a5©(*3aj:i3:^#<4- 
ffit^^ iil©^ft;'jft ^5 la 6 n ^ . 

[003 8] 3 6tC. ifea'g©iSSB*^«>H'i;fc©liSfHSffi: 
[0039] 

(aW©IISS©JKSS] JilTJC. *«83©ll»©B5!glc-o 

88©^ I <r>^<fMmK.9ki^mm±»'^'&-kW<Dtim. 
fiWi (Jar. cti^: r:^ftAj ito) Sr^si-in^r 
0icc4ji»-c. :^ajj. ffisigi. affiJim 

[0 0 4 0] sr. Eisigtcoi^rittwri. ffit^i 
fi«. 01 ( a ) tCTTT J: ^ . niSItt(D#Rt 3 0© 

f*3. S*8©f*ja©;^*a^^cxai9*ffl(,>rffi;:A:3-t*. 
01(b) CciSTJ: 'SCC. ffiS5©(*lSd , Astfj^^gBOF^ 
gdo ,i:07^*<'i-7-Cl,»i^«g3 0(cOTXr^Ifl 
•C*.5. 

(0 0 4 1 ] CCT. $ll^{Cffll^P>Ji5,*.ISB3 0 

©-CttJil^ Wx«. »ftS<)t*tt©;^AiS*$h?>ffli^ 
{cfflC»6ti-5^IStS^(*«C*orti, ^863 Git 



C5) 
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(0 04 2] tic. *^?gccisor«. S^ffl'gSOO 
[004 3] 

[an sspita? (%) = (d, - do . * . > x i 10 

00/do . . . 

mo. d , ; ^las 3 0 sa5(Djr($f*cDi^s 

do . i » ;*K«3 0«W<0i£a^cDrtSOft/hii 
[0044] :^-^A(D»^, »SPfiEa¥Jt, 5%tU:3J>i 

[004 5 ] cna. ^«3 OCOf^l5*s0fS(D^m^ii 

[0 04 6 ] /:c4o. ^spsta^oftBCicffli^^n^rts 
c 0 0 4 7 1 i/c, jaajss^u. 

fi^l*. fitor. ^«e3 OtDjjQXcoSitt, »6n5 

[0 0 4 8 1 Jfc, ffiSCci:OrtS35iiycLfcgft^S 
i (WT. cn^ rjtsssj ioH^ HI (b) 40 
TL. J r^T^. ) ^lagsooaixcDgm ffi 

[004 9] tmyrmh, v^icmm^ti^h(o 
[005 0] ;x«c. ^immxxm'^-:>i.ixmiri>. ^ so 



ttM 2000-107870 
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mmu:m\t. 01 (c) ccs^i-<t^jc. lesiiKcj: 

[0 0 5 1 1 /cc4cj. mmomji-nmt. scc»s$n^ 

«ffi«ixxsttd2*ri/<>di:'Sr»^t<. sssr^c 

[0052] :xtc. «;l&S^XM*coc^-ci»?B1- ^, 
B[«^xs«, «:axs(c*5c*r«55rt'(Sj!)iffiasn. 

^^wissEttixxiicciji^r. JSci*^^S0asffl?;c 

/JOX^iifc^e3 0^3l*^b^. ^§3 0. 3 0 

(0 0 5 3] CC-C. telft!g^fifeCc«. ^11^3 O^S 

[ 0 0 5 4 1 fttc, «ffif£imS«. StiffittSf t^-^tt 

n-^^or. t&'^ij^tLXif&v^^. m\ (d) ^. 

^«30. 3 0co«^f¥^fiCC>f>i^-hW3 6^irr» 
u, «ffl*2:«c«^^«:<i:>)ffi^$h/c^glS^f*3 2 

[ 0 0 5 5 1 i/c. tfcUt^^co^^mi. i^mt^mn 

3 0<OWB{ciCD'C«a>5:effl*a«rntfJ:Cs 

[0 05 61 iT. 8^^ffic?>^®ta^Rmax«. 5 0 
yai«T**H4GL^ S^ffic^^Slffl? Rm a x^&^S 0 

x{J/b5t*liRi>, 

[00 57 1 tfc. SE^ri-Otf-- H^3 6(2. ffl.*^' 
2 0 O'CaTr^^N i JF.^^X^tF ef:^^;I>^4t 

it lOOymtlTA^SfitC^ ^>^-hM3 6(D/?. 
^AM 0 0 um€:«ax^i. H^nmci^mit^O^ 

(0 05 9 1 ^>t-hW3 60fB»:5i. t^^CRl 



9 

mitiihovafK . »f 3 1 0 0 *i maT(omtK<r)^ 

(00603 g^»HSi.«. S((ttt#ffl»*«»* O 

(0 0 6 1 ] g^jaa«. 1 2 5 o'mi 1 4 o o-c« 
T©ffiH*ift?a-c*-s. g^a*n 2 5 ox;*j«tcnc 

tiO-CWS U < ^Ct,>. itc. »^jajK*«l40 0-C4r 

c 0 0 6 2 J ^^mss.ix.isvihm^^^t. 3 o#ja± 

3 0 0U'«T*5>fa-C*«. R}5^fldi3 0!J.-*ii8r* 

3 0 0#«:ffl;l*.i. fPSl3a$*5igT-r-5<Drftt$ 0< 

[0 06 3] 3P>«C. g^^ffitCfl^-rSSOE^li. 
1. 5MPati±5.MPaiyTJii»af**. fiDS;^*! 

[006 4] ifc. :SriiA(cijc»t:{i. ^s^ffi^o 

[0 06 5] */c. S£ai«^ttf^BI©taf»7^l^iUr 

( 0 0 6 6 ] /c/cL/. ;a3r^aiM!»'.x»iei@i^iasii 

«XlitK:ffil,>-5SJaiSStjlC<b L-C». ISSfiAt 10 0k 

[0 06 7] :XtC, C(OJ:^CCLrfi'5n/cfit:«ffl^I35 
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•cs?fi$nrc^gs#»3 2ojts*m«. 
^3 2 <0rtS*-S©:*:* ? «:Tiilit'*5. 
[ 0 0 6 8 ] ^{tt^«C». gg2 (a) iX.fr.tX'iK.. « 

^S)aiS&«:3 2 ©-^Sd^6 F 3 4 *»A 
L. 02 (b) {C^-rJ:^>4C, ^ISSS^{*3 2©tett 
«:[Si*>-,r-7>KUjl'3 4*^«5tf, sises^3 

10 rtS<oi9»*ffi:g^ti^c;. ycfflf&2osrs«f 5. 

[0069] 

J ffiS* (56) = (d, -d. . . . ) X 1 0 0 

/d 0 • i a 

fic. d, -.iLmmim-^om^ 

[0 07 0] Jtffc. H&kOi^^. fitS^tt. ^§3 

ooaaese^. ^stt^i*3 2 05ffli6^*3»aLr. 

*4. 3 6{C. tltgffJ<D#i?^giI©(*JSOS'bffido . 

[-0 07 1 1 -xtc, :^SAOfPffi«c-:>(,.ri»B^-r5. 

^©SS&O'rtiS^WT-S^gSO (01 (a) ) <0 

SL 01 (b) ) imm^mmnmmmsicmmm 

XUfc^ mi (c) ) . :&«g3 0r3±€rffiiSffi6-r 
30 Si. Bl (d) tC^STJ:-^^:. ff^SPOrtSd, 5»<3|5 
S^SW)f*gSd. J:0:^*<'i--^ri»i^jSies^3 

[0 07 2] C<DJ:^>S:4WSlS^t*3 2co-ffi{C-7> 

«»3tt^»i. ^e«^»3 2®(^1S*5a:;AcL. 1132 
<b) K^T^TJr^tC. -SWF^Sd. -S-WTi^BSeft 

[007 3 ] c<m, fit'girroffi&sBortad , «. 1^ 

[0 074] *fc. i8^0f*J'{id, As|^«^<Orta 
do <t«3:^#l»/c*«C. ft^SBittfi?<DSaBSKAM^S < 

< t£i>. ^<j>fcit>. a:ir<o(Si!c^> H u^i- 3 4 j:)^^ 



u 

[00 7 5 ]$ hlC. S&mm 3 0<D9\iiRU^mi)H 

t£io)-e. mitxtc^'sm^m 2<Dms.. ws^ lo 
tt&w»<«t*«fiT-r 4 c i «> nci >. 

[00 7 61 ^fia. ±^co*ftAK:ia(,»r(t. m-^ljH 

[00771 :XtC. :*:ft!B©ISf2<D1llfi<D>gSSCCffS«; 20 

xmxf3i. @3«:iji»r. :;?i^B«. aaiiii. 

[0078] stSisa. ±jaitfc77^Ad(^«<c, la 
3 <a) vzTjk-fji^fi. nisrKcD#««4 o<ort. 3a§is 

1 0 0 7 9 1 (io. :^rffiB(DJ«^. i&sm.mmi,t. 1 0 

1 0 0 8 0 J «*J, ^'S4 0 i C-caEBtCRjL i>Kf& 
SSL, «^t4 0<D«OXOS?gt4^«:3^iSLrttS 40 

icmvittnij:^.^'^.. &zfimy3mtbxm''<Dm^ 

■5. 

[0 08 I ] ;X{c. *aCZ)OXIgK:*ji,>rii. as 
(c) (cinTJ:^<c. 5LaXllJCj:»)Jaai*9ad<itS$ 

.««CSJ{)4Ci*»r?4. 50 
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[0082] -^tc. I9^xfi(c4iik>r a. imxmicia 

■C. agB{CJ^i3i;4 0a*i)f?fi£Snft:#«S4 0|Sl± 
*i. »^4 4*:ft-C-C. »JiSnSXS-C*i. «^4 
4«:5i. ^H«4 0(C/B^JSnfc?l-iaG4 0a<!:a&ffJ 
S6«rrti3t;4 4 a*sjBS4Snr(,»a, c®J:'>{corJ9 
P.tl/c^ffiSS^4 2ta3 id) iCfpt, 

[008 3] 9m$titc^m'sm-i:»42u. y^mAic 

ti. Mi'Sni^m 2(Drt{i*«-{J®:*c* ? d, icmx 
$tii, MmPOCit. m (a) Kn^rJ:^5C. ±«B 
S^«:4 2CD-^»<5•7>^-^;^3 4^&»AL. P-l 
(b) {C^^TJ:^^C. ^gS^«:4 20ffi®CCrSi7)>-, 
■C-7>KUJU3 4*»i|jSe5Ci«CJ:'3. 

[0 0 8 41 cc-c. yj&BO)^^. ^'gm^f*4 2 
0WS{t. :fe«e4 0©ag5St:S*«T<Dffi'g^rif'5 

a^ifrntfimntrxioxift l < ai^ 
(00851 -xic. :^mB(Di'fmicr>i,^xsimri>. T' 

(Cj:0«^r«.t. jS^awrtSd, *5?^«^;SB<Drtf* 
do J:'3:*:?<!i-,Xi,>4^«S^(*4 2%§atcff 

(0 0 8 6) c©j:'>tcur»6hfc^s»^<*4 2 

■c. S£«fpi!i©=tib;>3fwsae,ni. LA><>. asms 
muT<Dits^xw:'smTt>h 5 ©r . fa c oasttsyt? 

[0087 ] -Xi-C. :*:«8fl®S3 ©||JfiO«.SCC»5ft!: 

(a) - (c) (i. :^a88©SBi3(0||JS©}B.««:a5te 

«:i7^TXIfH-C*i. 
(0 08 8 1 :^aSC©»»^. ^RBSOit-r. JiStc 
i?E3^fi6«rWr * *6 5 «l4«:fflt » « C i 7)i-C ? 
-5#.tt. :^?iAi0«-C*iJ!H. RigI«©#jaS5 0O 

[0 08 9] f^Ct?^. as (a) «:iS-rJ:-54Flii5« 
©^)l«5 0©J8S8«:iear$Ci^j:<. ^©ti^e* 
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^tyitXWBb (05 (b) ) . »imSAi:itLXm^ 

spfifis^ftDwr^.. rjiits. m^i5m^t. as ib) ic^. 
[0 09 0 ] c<om, m^^^m^v^^i. m^n 

[009 1] 

[0 09 2] mcoi^. mmmmt. i. 0 4«± 

[0 09 31 446\ l^ft^gecDrtacDft/hfiido . , > 

ctiT. cn^ r^aifisj as cc) 

[0 0 9 4 1 f ;c. yjmcot^^. is:m^^^icm^n 

(0 09 5 1 Ttt^D^, 1 250'C£Utl 

4 0 0 -ct^TofiffiA^war*^. g^as^ 1250 

#J3!S 5 0<?P^/gfi!3i;&<7tt ^jt<0«Kttl 

(0 0961 S^SaiCfct:t5«f^S^IB1U, 6 O^Wi 
iiOHSr^s. ff»»Pfl/)^6 0»*ffl-c*it. :^?tf 
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(0 09 7 1 */c. tt^l^a^W^T^»DE:^W. 2 M 

[009 8] ? <3tC, ffi^SifiRtDflOJftiBti. 2 0 m m 

[0 0 9 9 j /^iJ. Ig^ffiO^SII^Rma xU. 5 0 
2 0 0'CiaT-C^^r¥3 l O OumVJiT(DN i 

[0 10 1] :;^cc. ±aicDJ:0«:trltS5n/ci^^O 

mm(^^t. as (d) cci^ri^cc. ^js^s^s 

2©-aa3!P6"7>FbiU3 4^tfA0. :^«1?«^5 
2 <DfSjSCCfSj*> -9r-7>Klx^l^34*^«6? J: 

[0102] j:fij. tt'smu, ^ai5 oco^ff^sfe^. 

(oio3]:xtc. yjmco>irm(^-y^^r^m'r^. is 
)SS5oi5]±^2:aiff^r^i!^^cc, s^gPiSfS'effl 

(OJ^Sdo cfc^:;^*<^.co'CC>i4IS«SAf*5 2?:T7 
[0 10 4] C<D<t'^CCLrf96n/c±«Bm^(*5 2 
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[0 1 0 5 ] ifc. S^©f*3S*<^*< ^CotV>5C 

10 10 6] (»SW 1 ) ^A^rfflC^r. ^WS^ 10 

-FH4 0 («T. C4l€r TAP 1 H4 0ji«KT 
4) d>P>^j5J1^a7'/>^ (1 7 8mm) . W»0. 2 
3 I (6mm) Oe?iJ»g=&fflt\ C©aS©a 

[0 1 0 7 ) ^XK, ffiastifc^soaffit^iiiffls 

RmaxA53 0amt<Ti«c*.fc^K:tt±lf. &m'S<D 
g^WBlC, J I S BN i -StiSOWfflgX^WTiia 
,^1 0 5 0'a /?S5 0<im©N i «^f5*/^lf 
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[0108] m^3S<9AD«i:^S<C». )3i0[St3 k 

ttc. ft^iss 1 3 0 0 -c. 1 8 

0», OTff;t>4MPa ib. A r»a»it3-C«^?&?fo 

10 109) <lltePJ2-3. ttfjJWl. 2)#JSS3 

aimi2) . 2 09< (|l[tt942) . SX}2b% (Hit 
«3) it/cWWS. HSfiffll tl^ao^lltCS£l>. ft 

{0110] fitt9t 1 -3 . sytt^w 1 -2r»f>n 

Vi^-tCJrOWfiiJl/TO, SmmWTiUfca. COJtt 
^<**>f>. AP I 11 0 4-#a«M-€:««)aiL. 9I« 

[0111] 

imi] 
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[0 1121 aSHt!$¥€rO%<bUA:tt««»liru. « 

4 6 7MPairrfiJ±LfcAJ. 5«!»>T- 
2 0%. &Cf2 5%iL/c|^l6«l. 2SC^3r 



rn4>ettd(^3fr*^)7ooMPati±*T^L. a.» 
[0 116] (iiae^4) :^-SA*:fflc>r. 

^5tS7'<>^ (I78mm).f^/f0. 23lY>^ 
50 (6mm) (Og^jRae^fflC^ C(^iieo4Sj?B^a«r. 



(11) 

[0117] ^s^nfc^atco^ffi^^ffiffl^ 

m^nmiC. 2 00'C. ;f54 0tfraOFe-3 

B- 3 S i - 1 C^^S^rrn^KPL. SfflffiKS^^ff o 

<b <c ^ J: 0 cc^^' F u Ji/*ffli » r tt© Ofc. 
(0118] Aj:i5. ffi^<Dtin»:^Sic«. I^«3^3 k 

^/c. »^sai 2 5 0-a ff^Nfiaeo lo 

CO 1 1 9 ] (m&mb) Y>1f-h«<!:L-C, J I S 
4 0 <im(ON i ^-^^S^fflCv 1 3 0 0 'CX: 1 2 0 
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[0 120] (mmms) ^>i^-hWior, j i s 
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14 0 0 •COTir S'JZ>S***?. C 4 dSfe*-, fc. 
to 142 J 0) TfffiA^rfflCT. 

^«:©ffiS*if-5fc. ^JSiStca. API HAOifih 
t[i9m7 -r>^ ( 1 7 8 mm) . W/?0. 2 3 W> 
f (Bmm) ©^Jgailf?:ffll>. CO»i®^SPl*3!S 

( 0 1 4 3 ] teS^tifc^s^toiss^Sffiiis 

Rroax*J30a mWTi & 4 J: ^ tCftiW. jaw's© 
J 1 S BN i -5tB^<DfflfiJ%WT5a 
14 0*C. JS34 0Mm©N iS^Si/hjfb. 10 

'gUc. 

[0144] rjiis, m-^smmm:^K{t. mmi3 k 
* fc. m^^it. s^isff 1 4 0 0 -c. s^RJiaa o 

[0145] (njfiw 1 1 ) «^!aKK*jW'5S}^^ra 

*300». aUE^^I. SMPai tfctiWi, His 20 
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[0146] (ittiWe ) S^iagCC*Jt-fiffiHr»#lffl?: 
1 5fJ>iU/cl.:li^ti. HiSWl Oi|SI«<D-?)lSlcti£(,». 

(0 14 7] itmm) ■^I'-f-h^tiyX. J i s 

B N i - 5 fa^©afiS?:Wr 3 0 <i m©\ i 0z 
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C 0 1 5 3 ] 3 6tC. J)nE:tl«: 7 MP a i L/ctb85f^8 
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6<c. iiaatatt. 6 8 7MPar*o. aK^tii. m 

[0 15 4) CtiCCJlL. te':^3*5MPa. mm^ 
*:3 0ti>iL,Tc^itmi 0. RCf)SSE:>J%l . 5MP 

a. ^^iai*3oot!.-itfeii«wi 1 rjj. i.rn 

il5l5fr*^.7 OOMPaJiLhtr^nU. i^Km*. 
il*68ltf}L/c. 
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CO 1 5 5] Ajrij. HiSfJi 0-1 lSt/J±f5P|6-8 

ri,>*©-c. fi:^^tt. (,>rti4)0. 5mmr*o 

(0156] W±<Dte*A>6. *)lg*i«tBll£:Bt«^t 
*t«^(Ci5l>r. JJOBE:/:* 1. 5MPa«±5MPaW 

[0 157] (Hiswi 2) :»^A*fflC'r. lo 

C52 - 1 200 (fe(T. C*i* fLC5 2- 1 20 
Oj iL>0) A>?.^t4?M5l 0. TS-f^f^ (269in 
ID) . mi^O. 5-/>9^ ( 1 3mm) o>mmimi,K C 

RmaxAi5 0 «mJi<Ti'j:2>a:"5Jcft±lf. ^JSS© 

m^wfficc. jis BN i -5ta^©«eji*^-r5ai 20 

.^1 14 0*C. S?4 0i/JB©N i.^^^S5:/h}*L/. 

( 0 1 5 9 1 S^lik7^ttii(:^&(c(i, mi&m k 

ttc. m^ikmt. m^iim 1 3 0 0 -c. smmm 1 z 
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(0 16 1] (HSfiWl 4) 350-C. » 

}#8iilBI*2 I 0#. taEyj*3. SMPait^. SilSa 
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«c J: 0 ffi^«-t7 T /ciitJ^ti . 3lit« 1 2 c |BJ«6<0-?-IBlc 
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[0 17 4] (lySWl 6) ^Sltitr. LC5 2- 
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10 S^(*©»S&{m«?:l7o/c. 
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(54) Title of the Invention: Metal Pipe Joint for Pipe Expansion and the Manufacturing Method Thereof 

(57) Summar>' 
(Problem) 

Provide a metal pipe joint for pipe expansion and its manufacturing method, wherein even in the case of 
pipe expansion, (a) there is no decrease in the strength or the airtightness of the junction, (b) there is little 
deformation resistance at the time of pipe expansion, and (c) it is possible to reduce the level differences 
that occur in the junction. 

(Means for Solving the Problem) 

Obtain metal pipe joints 32 and 52 in which the internal diameters of the junctions are greater than the 
internal diameters of the non-conjugative regions, by either (a) diffusion bonding or welding to one another 
metal pipes 30 whose internal diameters in the vicinity of the ends have been expanded such that the end 
diameter expansion rate is greater than 5%, or (b) diffiising bonding metal pipe 50, whose internal diameter 
in the vicinity of the end has not been expanded, such that it reaches a prescribed lateral expansion rate. 



Furthermore, obtain metal pipe joint 42 in which the internal diameter of the junction is greater than the 
internal diameter of the non-conjugative regions by mechanically fastening to one another metal pipes 40 
whose internal diameters toward the ends have been expanded such that the end diameter expansion rate is 
greater than 10%. 

[see source for drawings] 
(c) 

Machine work Machine work 
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(Scope of Patent Claims) 
(Claim I) 

A metal pipe joint for pipe expansion comprised of a plurality of bonded metal pipes, wherein the internal 
diameter of the junction is greater than the internal diameter of the non-conjugative regions. 

(Claim 2) 

A manufacturing method for a metal pipe joint for pipe expansion in which the internal diameter in the 
vicinity of the end of the metal pipe is expanded and said metal pipes are bonded to one another. 

(Claim 3) 

The manufacturing method for a metal pipe joint for pipe expansion according to Claim 2 in which the 
internal diameter in the vicinity of the end of said metal pipe is expanded such that the end diameter 
expansion rate is greater dian 5%. 

(Claim 4) 

The manufacturing method for a metal pipe joint for pipe expansion according to either Claim 2 or Claim 3 
in which the bonding method is a diffusion bonding method. 

(Claim 5) 

The manufacturing method for a metal pipe joint for pipe expansion according to either Claim 2 or Claim 3 
in which the bonding method is an arc welding method. 

(Claim 6) 

A manufacturing method for a metal pipe joint for pipe expansion in which the internal diameter in the 
vicinity of the end of the metal pipe is expanded, thread is formed on the end of said metal pipe, and said 
metal pipes are mechanically fastened to one another with said thread. 

(Claim 7) 

The manufacturing method for a metal pipe joint for pipe expansion according to Claim 6 in which the 
internal diameter in the vicinity of the end of said metal pipe is expanded such that the end diameter 
expansion rate is greater than 10%. 

(Claim 8) 

A manufacturing method for a metal pipe joint for pipe expansion in which metal pipes whose internal 
diameters in the vicinity of the ends have not been expanded are butted, and are diffusion bonded under 
bonding conditions such that the junction vicinity laterally expands. 

(Claim 9) 

The metal pipe joint for pipe expansion according to Claim 8 that is diffusion bonded such that the lateral 
expansion rate of the junction vicinity is greater than 1 .04. 

(Detailed Description of the Invention) 
(0001) 

(Technical Field of the Invention) 

The present invention is related to a metal pipe joint for pipe expansion and the manufacturing method 
thereof; more specifically, it is related to an ideal metal pipe joint for pipe expansion and its manufacturing 
method used for the plumbing for plants or line piping that is used in the chemical industry or the 
petrochemical industry, or as the oil well pipe of casing tubes, production tubes, or coiled tubes used in oil 
wells. 



(0002) 



(Prior Art) 

Conventionally, in fields such as the chemical industry and the petrochemical industry, long metal pipes are 
used in order to transport corrosive liquids over long distances. For example, pipe lines are for the purpose 
of transporting crude oil obtained from an oil field to an oil refinery, for exanqjle, and their lengths span 
across tens of kilometers. 

(0003) 

Furthermore, when digging an oil well, in order to preserve the gallery that was excavated beneath the 
ground or to prevent crude oil leakage, steel pipes called casing are buried within the gallery. The oil field 
is normally in a location several thousand meters under ground, so it is necessary that the casing also have 
the length of several thousand meters. 

(0004) 

Moreover, seamless steel pipes that are superior with respect to conosion resistance are generally used for 
metal pipes that arc exposed to a corrosive environment, but the length of industrially mass produced 
seamless steel pipes is between 10 - 1 5 m, and the upper limit on the possible manufactured length is 
approximately 100 m. Accordingly, joints that coruicct multiple seanilcss steel pipes of length between 10 - 
15 m are used in line piping or oil well pipe such as casing. 

(0005) 

As a bonding method for metal pipe that is used in such applications, threaded connection methods 
(mechanical coupling method), welding methods (orbital welding method), and diffusion bonding methods 
are well known. 

(0006) 

Furthermore, as for the joints (called "metal pipe joints" hereafter) in which multiple metal pipes that have 
prescribed length are united, it is typical for them to be used as they are, without expanding or reducing the 
internal diameter. In other words, it is typical for metal pipe joints that have a desired internal diameter to 
be manufactured by bonding metal pipes that have a desired internal diameter. 

(0007) 

However, in contrast to line piping that is laid above ground, casing that is used in oil wells is buried 
beneath the ground, so there are the following problems in using metal pipe joints that have prescribed 
internal diameters as casings without modification. 

(0008) 

Stated sinply, it is difficult to excavate a bare gallery towards an oil field that is in a location several 
thousand meters under ground. Therefore, oil well excavation operations sequentially repeat the following 
operations: (a) the operation of excavating a gallery using a drill pipe that has a bit that is mounted on its 
tip, (b) the operation of burying casing at a location in which digging has advanced to a certain extent in 
order to protect the gallery, and (c) the operation of pouring cement between the buried casing and the 
stratum, and stabilizing the casing. As a result, oil wells have a structure in which multiple casing is 
overlapped in a nested form. 

(0009) 

The structure of a typical oil well is shown in Figure 6. Oil well 10 that is illustrated in Figure 6 is equipped 
with conductor pipe 12 that has a maximum external diameter for the pinpose of protecting the gallery wall 
in the vicinity of the surface of the earth, surface casing 14 that is sequentially inserted in a nested form into 
conductor pipe 12, intermediate casing 16, and four production casings 18 of maximum length that reach 
oil stratum 20. 

(0010) 

However, when burying the next casing (called "inner side casing" hereafter) inside the galler>' through the 
hole in the center of the casing that was previously buried (called "outer side casing" hereafter), there are 
cases in which the insertion of the iimer side casing becomes difficult because the axis of the iimer side 
casing and the axis of the outer side casing shift out of aligrmient, or the shape of either the inner side 



casing or the outer side casing is irregular. Therefore, it was necessary to make the external diameter of the 
inner side casing approximately 10 - 30% smaller than the internal diameter of the outer side casing to be 
on the safe side. 

(0011) 

Furthermore, the production efficiency of the oil well is dependant on the internal diameter of the 
production casing that reaches the oil stratum. 
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Accordingly, in order to secure prescribed production efficiency, it is necessary not only to give the internal 
diameter of the production casing a prescribed size, but also to enlarge the internal diameter of the casing 
that was previously buried. Therefore, the necessity to enlarge the internal diameter of the gallery that is 
excavated in the vicinity of the surface of the earth arose, and became a factor that increases the cost of oil 
well drilling. 

(0012) 

Thereby, in order to solve this problem, a method was disclosed in Published Japanese Translation of a 
PCT Application H7-507610 that expands the casing in the radial direction with respect to the borehole by 
burying casing made from malleable materials in the borehole tfiat was excavated under the earth, and 
expanding a hydraulic expanding tool within the casing. 

(0013) 

Furthermore, a method was disclosed in International Publication Number WO98/0062 that inserts steel 
pipe made from a malleable type of metal, which generates strain hardening, into cither a gallery or casing 
that was previously buried without incidence of necking or ductile fracture, and expands casing using a 
mandrel that has a tapered surface made of a nonmetal material. 

(0014) 

Through the methods disclosed in Published Japanese Translation of a PCT Application H7-507610 or 
International Publication Number WO98/0062, it is possible to insert inner side casing that has a relatively 
small external diameter in comparison to the gallery or outer side casing internal diameter, so there is the 
advantage that it is possible to smoothly perform the iiuier side casing insertion operation. 

(0015) 

Moreover, the expansion of inner side casing that was inserted into a gallery of outer side casing is 
performed using a hydraulic expansion tool or a mandrel, so there is the advantage that nearly the entire 
cross sectional area of the gallery can be used for crude oil transportation. Furthermore, because the 
effective cross sectional area of the gallery becomes large, there is the advantage that it is possible to 
reduce the interna] diameter of the gallery to be excavated, and it is thus possible to cut excavation costs. 

(0016) 

Furthermore, as disclosed in Published Japanese Translation of a PCT Application H7-507610, in the case 
in which casing is expanded in the radial direction with respect to the borehole, the casing is maintained by 
the compressive stress received from the borehole wall, so there is the advantage that the cementing 
operation becomes unnecessary. 

(0017) 

(Problems Addressed by the Invention) 

However, the entire length of casing that is used in oil wells reaches several thousand meters, so although 
junctions must necessarily be present, junctions are not taken into consideration in either Published 
Japanese Translation of a PCT Application H7-507610 or International Publication Number WO98/0062. 

(0018) 

For example, in the case in which metal pipes are bonded through welding methods or metallurgical 
bonding methods such as diffusion bonding to form metal pipe joints, heat-affected zones generate at the 
time of bonding in the vicinity of the junctions, so there are cases in which the deformability decreases. 
Therefore, in the case in which the obtained metal pipe joints are expanded as they are using a mandrel, for 
example, there is the problem in which there is a danger that fissures will generate in the junctions. 

(0019) 

Moreover, in the case in which metal pipe is bonded through a threaded connection method to form a metal 
pipe joint and this is expanded with a mandrel, for example, there is the problem that the thread portion 



becomes loose due to plastic-deformation at the time of expansion and the airtightness of the junction 
decreases. 



(0020) 

Furthermore, the threaded connection method normally forms outer thread 1 a and 2b on the ends of metal 
pipes 1 and 2 as shown in Figure 7, and unites metal pipes I and 2 through coupling 7 that has internal 
thread 7a that can screw into this external thread la and 2b. Accordingly, the vicinity of the junction 
becomes more thick- walled than the non-conjugative regions, so in the case in which such a metal pipe 
joint is expanded using a mandrel, for example, there is the problem in which the deformation resistance of 
the junction becomes large and the expansion operation cannot be performed smoothly. 

(0021) 

Moreover, in the case in which a metal pipe joint with length of several thousand meters that has a uniform 
internal diameter is expanded at once using a mandrel, the mandrel constantly receives a reactive force 
from the metal pipe joint at the time of the pipe expansion, so a large motive energy becomes necessary to 
move the mandrel. 



(0022) 

In order to solve this problem, a point is disclosed in International Publication Number WO98/0062, for 
example, in which the frictional force that generates between the mandrel and the casing is reduced by 
constructing the tapered surface of the mandrel with a nonmetal material such as zirconia, but there is no 
change in the fact that the mandrel continuously receives a constant reactive force from the casing during 
pipe expansion, and it is insufficient with respect to motive energy conservation. 

(0023) 

Furthermore, as disclosed in Published Japanese Translation of a PCX Application H7-507610, it is 
possible to conserve motive energy in comparison to the case in which the mandrel is expanded all at once 
by repeating the following process: retain the hydraulic expansion tool in a location within the casing, 
expand the hydraulic expansion tool and expand only the casing that is in that position, and then move it to 
the upper region after contracting the hydraulic tool However, diis results in expanding the casing in a 
multistage manner, so there is the drawback that the operation efficiency is poor. 

(0024) 

Moreover, in the case in which the metal pipe is bonded using a diffusion bonding method, it is typical to 
evenly process only the end face of the metal pipe and use it for bonding without adjusting the periphery 
surface and the wall thickness. However, in industrially mass produced metal pipes, there is a prescribed 
dimensional tolerance, and the external diameters and wall thickness of each metal pipe vary within the 
range of the dimensional tolerance. 

(0025) 

Therefore, in the case in which mass produced metal pipes are used as they are in diffusion bonding, there 
is the danger that level differences will arise in the junctions of the metal pipe joints that are obtained. 
Stress tends to concentrate in level differences that generate in the junctions, so in the case in which such 
metal pipe joints are expanded, there is the danger that fissures will generate from the regions of level 
differences- Furthermore, because the level differences remain in the junctions even after pipe expansion, 
there is the danger that fatigue characteristics and corrosion resistance will diminish due to stress 
concentration or the retention of corrosive substances. However, nothing is disclosed in the aforementioned 
prior art literature regarding specific means to solving such problems. 
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(0026) . 

A problem addressed by the present invention is to provide a metal pipe joint for pipe expansion and its 
manufacturing method in which (a) fissures do not generate in the junction, even if pipe expansion is 
performed, and (b) there is no reduction in the airtightness of the junction that originates from the loosening 
of thread. 

(0027) 

Furthermore, another problem addressed by the present invention is to provide a metal pipe joint for pipe 
expansion and its manufacturing method, in which (a) the deformation resistance at the time of pipe 
expansion is small and (b) motive energy conservation in the pipe expansion operation is possible. 

(0028) 

Furthermore, another problem addressed by the present invention is to provide a metal pipe joint for pipe 
expansion and its manufacturing method, in which (a) the level differences that arise in the junctions are 
small, and (b) is superior \with respect to strength, fatigue characteristics, and corrosion resistance. 

(0029) 

(Means for Solving the Problems) 

In order to solve the aforementioned problems, the metal pipe joint for pipe expansion of the present 
invention can be summarized in that it is a metal pipe joint in which multiple metal pipes have been 
bonded, and the internal diameters of the junctions are larger than the internal diameters of the non* 

conjugative regions. 

(0030) 

Specifically, such a metal pipe joint for pipe expansion can be easily manufactured by expanding the 
internal diameter of the vicinity of the end of the metal pipe in advance, and then bonding like metal pipes 
to one another. In this case, it is desirable to expand the internal diameter of the vicinity of the end of the 
metal pipe such that the end diameter expansion rate is greater than 5%. If the end diameter expansion rate 
is less than 5%, then there is the danger that fissures will generate from the junctions when performing pipe 
e>q)ansion, so this is undesirable. Moreover, in this case, a diffusion bonding method or an arc welding 
method would be ideal as a bonding method. 

(0031) 

Moreover, a metal pipe joint such as that described above can also be manufactured by expanding the 
internal diameter in the vicinity of the end of the metal pipe, forming thread on the end of the metal pipe, 
and mechanically fastening like metal pipes to one another with the thread. In this case, it is desirable to 
expand the internal diameter of the vicinity of the end of the metal pipe such that the end diameter 
expansion rate is greater than 10%. If the end diameter expansion rate is less than 10%, the thread regions 
plastic'deform and the airtightness of the thread regions decreases, so this is undesirable. 

(0032) 

Furthermore, a metal pipe joint such as that described above can also be manufactured by butting metal 
pipes whose internal diameters in the vicinity of the end have not been expanded, and diflnsion bonding 
them under bonding conditions such that the junction vicinity laterally expands. In this case, it is desirable 
to perform diffusion bonding such that the lateral expansion rate in the jimction vicinity is greater than 
1.04%. If the lateral expansion rate is less than 1.04%, there is the danger that fissures will generate from 
the junctions when performing pipe expansion, so this is undesirable. 

(0033) 

As for the metal pipe joint for pipe expansion of the present invention that has the configuration described 
above, the internal diameters of the junctions are larger than the internal diameters of the non-conjugative 
regions, so in the case in which such a metal pipe joint for pipe expansion is expanded using a mandrel, for 
example, it is possible to restrain the plastic stress of the junctions such that it is less than the plastic stress 
of the non-conjugative regions. 



(0034) 

Therefore, it becomes difficult for fissures to generate in the junctions due to pipe expansion, even in the 
case in which, for example, when metal pipe whose end internal diameters have been expanded at a 
prescribed end diameter expansion rate are bonded through diffusion bonding or welding methods and the 
obtained metal pipe joint is expanded, heat-affected zones generate in the vicinity of the bonding 
boundaries and the deformability in the vicinity of the bonding boundaries is diminished. 

(0035) 

Moreover, if metal pipes whose end internal diameters have not been expanded are butted, a metal pipe 
joint is formed by plastic-deforming the junction into a barrel shape at a prescribed lateral expansion rate 
with the pressure at the time of diffusion bonding, and this is expanded; then not only is the generation of 
fissures in the junction resd-ained, but there is also the advantage that the process of expanding the end 
internal diameters of the metal pipes becomes unnecessary. 

(0036) 

Furthermore, in the case in which a metal pipe joint is formed by using a threaded connection method to 
bond metal pipes whose end internal diameters have been expanded at a prescribed end diameter expansion 
rate, if the metal pipe joint is expanded such that the pipe expansion rate is less than the end diameter 
expansion rate, then there is to be no incidence of plastic-deformation of the junction. Therefore, there is no 
decrease in airtightness, which originates from the loosening of thread. 

(0037) 

Moreover, in the metal pipe joint for pipe expansion of the present invention, the internal diameters in the 
junction vicinity are greater than the internal diameters of the non-conjugative regions, so the deformation 
resistance in the junction vicinity becomes small. Therefore, it is possible to perform the pipe expansion 
operation smoothly, and the motive energy in the pipe expansion operation is also conserved. 

(0038) 

Flurthermore, in the case in which a metal pipe joint is formed by expanding the ends of the metal pipes at a 
prescribed end diameter expansion rate in advance and bonding the expanded metal pipes, it is possible to 
at least ahgn each of the metal pipes through diameter expansion. Therefore, even in the case in which a 
metal pipe joint is manufactured using metal pipes in which the external diameters or wall thicknesses vary 
within a prescribed dimensional tolerance, it is possible to reduce the level differences that generate on the 
inside surface of the junction, and it becomes possible to obtain a metal pipe junction that is superior with 
respect to strength, fatigue characteristics, and corrosion resistance. 

(0039) 

(Embodiments of the Invention) 

Embodiments of the present invention will be explained in detail below with reference to the drawings. 
Figure 1 is a flow chart that shows manufacturing method (called "method A" hereafter) for the metal pipe 
joint for pipe expansion of the first embodiment of the present invention. In Figure 1, method A comprises 
a diameter expansion process, an end face finishing process, and a diffusion bonding process. 

(0040) 

First, the diameter expansion process will be explained. The diameter expansion process in which only the 
internal diameters of both ends inside cylindrical metal pipe 30 as shown in Figure 1 (a) are enlarged using 
an appropriate industrial tool, and metal pipe 30, in which the internal diameter d| of the end has become 
greater than the internal diameter do in the center, is processed as shown in Figure 1 (b). 

(0041) 

Here, as for the metal pipe 30 that is used in the present invention, there are no particular restrictions 
regarding material quality or dimensions as long as it is of a material that has deformability that can 
withstand the pipe expansion described later. For exarr^le, in metal pipe joints that are used in applications 
in which only mechanical characteristics are required, it is possible to use carbon steel for metal pipe 30. 
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Moreover, in applications in which both strength and corrosion resistance of line pipes or oil well pipes are 
required, for example, it is possible to use stainless steels such as martensitic stainless steel, two-phase 
stainless steel, or austenitic stainless steel, or Ti alloy. 

(0042) 

Moreover, in the present invention, the increment of the internal diameter of metal pipe 30 after expansion 
with respect to the minimum value of the internal diameter of each metal pipe 30 prior to expansion is 
called the end diameter expansion rate, and it is defmed by the following Formula 1 . 

(0043) 
(Formula 1) 

End diameter expansion rate (%) = (di - do min) x 100/do min* 
Where: 

di: internal diameter of the end of metal pipe 30 after expansion 

do min- minimimi value of the internal diameter of the end of metal pipe 30 prior to expansion 

(0044) 

In the case of method A, it is desirable for the end diameter expansion rate to be greater than 5%. If the end 
diameter expansion rate is less than 5%, then the necessity to greatly plastic-deform the junctions arises in 
the pipe expansion process explained later, and there is the danger that fissures will generate in the 
junctions, so this is undesirable. Moreover, if the end diameter expansion rate is less than 5%, there are 
cases in which large level differences generate in the junctions due to the dimensional accuracy of each 
metal pipe 30, and the fatigue strength diminishes, so this is also undesirable. 

(0045) 

This is because, if the end diameter expansion rate is less than 5% in the case in which the internal diameter 
of metal pipe 30 varies within a prescribed dimensional tolerance, there is the danger that only metal pipes 
whose internal diameter do prior to expansion is smaller than the internal diameter di after expansion will 
be expanded, and metal pipes that have internal diameters greater than di will not be expanded. 

(0046) 

Also, as the minimum value do min of the internal diameter that is used to calculate the end diameter 
expansion rate, from the perspective of allowing for safety it is desirable to use the minimum value 
anticipated from the specifications of the metal pipe used in bonding, but it would also be acceptable to use 
an actual measurement. 

(0047) 

Moreover, from the perspective of reducing plastic-deformation in the junctions and restraining the 
generation of fissures, the larger the end diameter expansion rate is the better. Therefore, in accordance 
with the simplicity of the processing of metal pipe 30 and the apphcations of the metal pipe joint that is 
obtained, diameter expansion should be perfomied with the ideal end diameter expansion rate within a 
range below the pipe expansion rate described later. 

(0048) 

Moreover, the length (called "diameter expansion length" hereafter, represented by "Li" within Figure 1 
(b)) of the portion in which the internal diameter was enlarged through diameter expansion may be 
arbitrarily chosen with consideration on the simplicity of processing of metal pipe 30 and the applications, 
but from the perspective of reducing defonnation resistance in the pipe expansion process described later 
and conserving motive energy in the pipe expansion operation, the longer it is the better. 

(0049) 

Furthermore, there are no particular restrictions on the diameter expansion method either, and it is possible 
to use various methods. Normally, a mandrel or a plug that has an external diameter corresponding to d| 



that is expressed in Formula 1 should be inserted into the end of metal pipe 30 up to a prescribed length, 
and the end internal diameter should then be expanded. 

(0050) 

Next, the end face finishing process will be explained. The end face finishing process is a process in which, 
as shown in Figure 1 (c), the end face of metal tube 30, whose end internal diameter was expanded through 
the diameter expansion process, is machine finished to a prescribed surface roughness. This is because, if 
the surface texture of the end face of metal pipe 30 is rough, then the bonding boundaries will not 
sufficiently adhere and high bond strength will not be obtained in the diffusion bonding process described 
later. 

(0051) 

Also, there are no particular restrictions regarding the end surface finishing method, and various methods 
such as grinding or lapping can be used. Moreover, in the case in which the surface roughness of the end 
face of metal pipe 30 is held within a prescribed range even after diameter expansion, the end face finishing 
process is not absolutely necessary, and it can be omitted. 

(0052) 

Next, the diffusion bonding process will be explained. The diffusion bonding process is a process in which 
metal pipes 30, whose end intemal diameters were expanded in the diameter expansion process and whose 
end faces were finished to a prescribed surface roughness in the end face finishing process, are butted and 
like metal pipes 30 are diffusion bonded to one another. 

(0053) 

Here, as for the diffusion bonding method, there is (a) solid phase diffusion bonding that directly butts 
metal pipes 30 and diffuses elements while maintaining them in the solid phase, and (b) liquid phase 
diffusion bonding that places an insert material onto the bonding boundary and diffuses elements while 
temporarily melting the insert material, and either method may be used. 

(0054) 

In particular, with liquid phase diffusion bonding, joints that have strength that is equivalent to that of the 
parent material can be obtained in a short period of time in comparison to solid phase diffusion bonding, so 
it is ideal as a bonding method. One example of metal pipe joint 32 that is bonded through liquid phase 
diffiision bonding by placing insert material 36 on the bonding boundary of metal pipes 30 and 30 is shown 
in Figure 1 (d). 

(0055) 

Moreover, as for the conditions for diffusion bonding, an ideal range should be chosen according to the 
material of the metal pipe 30 that is used. Specifically, it should be performed under the following 
conditions. 

(0056) 

First, it is preferable for the surface roughness Rmax of the bonding surface to be less than 50 pim. If the 
surface roughness Rmax of the bonding sinface exceeds 50 pm, like metal pipes 30 will not sufficiently 
adhere at the bonding surface and high bonding strength will not be obtained, so this is not desirable. From 
the perspective of obtaining high bonding strength, the smaller the surface roughness Rmax is the better. 

(0057) 

Moreover, as for the insert material 36 that is used, a Ni-family alloy or Fe-family alloy that has a melting 
point that is less than 1200X is ideal. If the melting point of insert material 36 exceeds llOO^C, a high 
bonding temperature will become necessary, which is undesirable because the parent material will be 
melted during bonding, or unbonded portions will generate because insert material 36 is not melted. 



(0058) 



Furthermore, the thickness of the insert material 36 that is used is preferably less than 100 //hl If the 
thickness of the insert material 36 exceeds 100 /mi, the diffusion of elements at the bonding boundary will 
not be sufUciently performed and the bonding strength will diminish, so this is undesirable. 

(0059) 

Also, there are no particular restrictions regarding the shape of insert material 36, 
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and an insert material 36 made of foil with thickness less than 100 /mi may be placed on the bonding 
boundary. Alternatively, it would also be acceptable to disseminate a powder or squamation insert material 
36 on the bonding boimdary, or to make it into a paste and apply it to the bonding boundary in order to 
bring the thickness to less than 100 /inx 

(0060) 

A non-oxidizing atmosphere is preferable for the bonding atmosphere. If bonding is conducted under an 
oxidizing atmosphere, the bonding boundary vicinity will oxidize and the bonding strength will diminish, 
so this is undesirable. 

(0061) 

It is ideal for the bonding temperature to be within a range that is greater than 1 250°C and less than 
1400°C. If the bonding temperature is less than 1250^, portions of insert material 36 will not melt, or the 
diffusion of elements will not be conducted sufficiently, causing the bonding strength to diminish, so this is 
undesirable. Moreover, if the bonding temperature is greater than I400°C, there is the danger that the 
parent material will melt, so this is not desirable. 

(0062) 

It is ideal for the retention time of the bonding temperature to be greater than 30 seconds and less than 300 
seconds. If the retention time is less than 30 seconds, the diffusion of elements on the bonding boundary 

will become insufficient and the bonding strength will diminish, so this is undesirable. Moreover, the 
operation efficiency will diminish if the retention time is greater than 300 seconds, so this is also 
undesirable. 

(0063) 

Furthermore, it is ideal for the pressure that is applied to the bonding boundary to be greater than 1 .5 MPa 
and less than 5 MPa. If the applied pressure is less than 1 .5 MPa, the adherence of the bonding boundary 
will become insufficient and the bonding strength will diminish, so this is undesirable. 

(0064) 

Moreover, in method A, pipe expansion of the metal pipe joint is performed in the pipe expansion process 
described later after the metal pipes are bonded, so it would be acceptable for the junction vicinity to 
slightly deform after bonding. However, if the sum of the increment of the internal diameter in the diameter 
expansion process and the increment of the internal diameter that originates from deformation at the time of 
bonding exceeds the pipe expansion rate in the pipe expansion process described later, then irregularities 
will remain in the vicinity of the bonding boundary even after pipe expansion, which becomes a cause for 
the reduction of bonding strength. Accordingly, in method A, it is ideal to configure the applied pressure to 
less than 5 MPa such that the junction vicinity does not excessively deform. 

(0065) 

Moreover, as a heating method when performing diffusion bonding, it is possible to use various methods 
such as high frequency induction heating, high frequency direct conduction heating, or resistance heating. 
Among these, with high frequency induction heating and high frequency direct conduction heating, it is 
possible to easily heat even with a relatively large material to be bonded, the heating efficiency is high, and 
it is possible to heat to the bonding temperature in an extremely short amount of time, so they are 
particularly suitable as heating methods. 

(0066) 

However, as for the high frequency current that is used in high frequency induction heating or high 
frequency direct conduction heating, it is ideal to use a current that has frequency less than 100 kHz. If the 
frequency exceeds 100 kHz, only the surface will be heated due to the skin effect and the entire bonding 
siu-face will not be heated imiformly, so this is undesirable. 



(0067) 



Next, the pipe expansion process for the metal pipe joint for pipe expansion that was obtained in this way 
will be explained. The pipe expansion process is a process in which pipe expansion is performed on the 
metal pipe joint 32 that was manufactured in the diameter expansion process, end face finishing process, 
and the diffusion bonding process described above, and the internal diameter of metal pipe joint 32 is set to 
a uniform size. 

(0068) 

Specifically, mandrel 34 is inserted as shown in Figure 2 (a) from one end of metal pipe joint 32 whose 
internal diameters of the junctions and non-conjugative regions are respectively d| and do, mandrel 34 is 
moved towards the other end of metal pipe joint 32 as shown in Figure 2 (b), and the internal diameter of 
metal pipe joint 32 is enlarged to d:. In the present invention, the increment of the internal diameter after 
pipe expansion with respect to the minimum value of the internal diameter of the non-conjugative regions 
prior to pipe expansion is called the pipe expansion rate, and it is defmed by the following Formula 2. 

(0069) 
(Formula 2) 

Pipe expansion rate (%) = (d2 - do min) x 100/do mm 
Where: 

d2: internal diameters of the non-conjugative regions after pipe expansion 

do min^ minimum value of the internal diameters of the non-conjugative regions prior to pipe expansion 
(0070) 

Also, in the case of method A, the pipe expansion rate may be arbitrarily chosen with consideration on the 
deformability of metal pipe 30 and the application of metal pipe joint 32. Moreover, if the bonding 
conditions are appropriate, it is possible to highly maintain the deformability of the junction vicinity, so it is 
also possible to expand with a pipe expansion rate that is larger than the end diameter expansion rate. 
Furthermore, it would be acceptable to use the minimum expected value from the specifications as the 
minimum value do mm of the internal diameter of the non-conjugative regions prior to pipe expansion, and 
the fact that an actual measurement may also be used is the same as for Formula 1. 

(0071) 

Next, the effects of method A will be explained. If the diameters of the ends of metal pipes 30 (Figure 1 
(a)) that have prescribed length and internal diameter are expanded with a prescribed end diameter 
expansion rate and a prescribed diameter expansion length Li (Figure 1 (b)), and like metal pipes 30 are 
difiusion bonded to one another after the end faces are machine finished to a prescribed surface roughness 
(Figure 1 (c)), then it is possible to obtain metal pipe joint 32 in which the internal diameters d| of the 
junctions have become larger than the internal diameters do of the non-conjugative regions as shown in 
Figure I (d). 

(0072) 

If mandrel 34 is inserted into one end of such a metal pipe joint 32 and mandrel 34 is moved towards the 
other end, then the internal diameter of metal pipe joint 32 enlarges, and it is possible to obtain metal pipe 
joint 32 that has a constant internal diameter d2 as shown in Figure 2 (b). 

(0073) 

At this time, the internal diameter di of the junction prior to pipe expansion has become greater than the 
internal diameters do of the non-conjugative regions, so the plastic stress of the junction at the time of pipe 
expansion becomes smaller than the plastic stress of the non-conjugative regions. Therefore, it becomes 
difficult for fissures to generate in the junction due to pipe expansion, even in the case in which heat- 
affected zones generate at the time of diffusion bonding and the deformability of the junction diminishes. 

(0074) 

Moreover, because the internal diameter dj of the junction is larger than the internal diameter do of non- 
conjugative regions, the deformation resistance in the junction vicinity becomes small. The quantity of 
diminution becomes larger as the internal diameter di of the junction becomes larger or the diameter 
expansion length L| becomes longer. Therefore, the sum of the fiictional resistance that mandrel 34 



receives at the time of pipe expansion becomes small in comparison to the case in which a metal pipe joint 
that has a uniform internal diameter is expanded, and motive energy is conserved in the pipe expansion 
operation. 
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(0075) 

Furthermore, even in the case in which the exterior diameters and wall thicknesses of each metal pipe 30 
vary within the dimensional tolerance, if the internal diameters in the end vicinity of metal pipes 30 are 
expanded and they are bonded after the internal diameters of all of the metal pipes 30 are aligned, then it is 
possible to reduce the level differences that generate on the inner periphery side of the junction of metal 
pipe joint 32. Therefore, with such a metal pipe joint 32, the danger that fissures that originate from level 
differences in the junction will generate is small, even if pipe expansion is performed. Moreover, stress - 
concentration and the retention of corrosive substances become unlikely, so the strength, fatigue 
characteristics, and corrosion resistance of metal pipe joint 32 thai was expanded will not diminish. 

(0076) 

Also, a diffusion bonding method is used as the bonding method in method A described above, but it would 
also be acceptable to use an arc welding method, and through this it would be possible to obtain the same 
results (called "method A'" hereafter). In this case, the internal diameters of the end vicinity of metal pipes 
30 are expanded with a prescribed end diameter expansion rate in the diameter expansion process, grooves 
are formed on metal pipes 30 in the end face finishing process, and these are butted and molten metal is 
clad in the grooves. 

(0077) 

Next, the manufacturing method of the metal pipe joint for pipe expansion of the second embodiment of the 
present invention will be explained. Figure 3 is a flow chart that shows the manufacturing method (called 
"method B*' hereafter) of the metal pipe joint for pipe expansion of the second embodiment of the present 
invention. In Figure 3, method B conq)rises a diameter expansion process, a thread working process, and a 
fastening process. 

(0078) 

The diameter expansion process is a process in which, in the same manner as method A explained above, 
by enlarging only the internal diameter of the end vicinity within cylindrical metal pipe 40 as shown in 
Figure 3 (a) using an appropriate industrial tool, the metal pipe 40, in which the internal diameter of the end 
vicinity has been expanded at a prescribed end diameter expansion rate, is processed as shown in Figure 3 
(b). 

(0079) 

However, in the case of method B, it is desirable for the end diameter expansion rate to be greater than 
10%. If the end diameter expansion rate is less than 10%, the necessity to greatly plastic-deform the 
junctions in the pipe expansion process described later will arise, and if junctions that have been fastened 
through threaded connection methods are plastic-deformed, the thread will become loose and the 
airtightness will diminish, so this is undesirable. 

(0080) 

Also, (a) the fact that any material that has deformability that can withstand the pipe expansion can be used 
for metal pipe 40, (b) the fact that the expansion length Li can be arbitrarily chosen with consideration on 
simplicity of processing of metal pipe 40, and (c) the fact that various methods can be used for tiie diameter 
expansion method are all the same as method A described above. 

(0081) 

Next, in the thread working process, external thread 40a is formed on the end of metal pipe 40 whose end 
internal diameter was expanded in the diameter expansion process, as shown in Figure 3 (c). Also, in the 
case of threaded connection methods, the load that can support the junctions is dependant upon the length 
L2 of the thread, so it is possible to arbitrarily establish thread length L2 according to the characteristics 
required by metal pipe joint 42. 



(0082) 



Next, the fastening process is a process in which like metal pipes 40, whose end internal diameters were 
expanded in the diameter expansion process and external thread 40a was established on the ends in the 
thread working process, are fastened to one another using coupling 44. Internal thread 44a that can screw 
into external thread 40a diat was formed on metal pipes 40 is formed on coupling 44, Metal pipe joint 42 
that was obtained in this way is shown in Figure 3 (d). 

(0083) 

The manufactured metal pipe joint 42 is expanded in the same manner as witli metal pipe joint 32 that was 
obtained through method A, and the internal diameter of metal pipe joint 42 is enlarged to the uniform size 
d2. Specifically, mandrel 34 is inserted from one end of metal pipe joint 42 as shown in Figure 4 (a), and 
the internal diameter of metal pipe joint 42 is expanded with a prescribed pipe expansion rate by moving " 
mandrel 34 towards the other end of metal pipe joint 42, as shown in Figure 4 (b). 

(0084) 

Here, in the case of method B, it is desirable to perform the pipe expansion of metal pipe joint 42 with a 
pipe expansion rate that is less than the end diameter expansion rate of metal pipe 40. If the pipe expansion 
rate exceeds the end diameter expansion rate, there is the danger that the junction will plastic-deform and 
the threads will become loose at the time of pipe expansion, so this is undesirable. Moreover, the junction 
vicinity is thick-walled because there is the coupling 44. Therefore, expanding pipe with a pipe expansion 
rate that exceeds the end diameter expansion rate invites the increase of deformation resistance and a 
smooth pipe expansion operation becomes difficult, so this is undesirable. 

(0085) 

Next, the effects of method B will be explained. If the internal diameters of the end vicinity of metal pipes 
40 are expanded in advance such that the end diameter expansion rate is greater than 10%, and like metal 
pipes 40 are bonded to one another through a threaded connection method, then it is possible to easily 
obtain metal pipe joint 42 in which the internal diameter d| of the junction has become larger than the 
mtemal diameter do of the non-conjugative regions. 

(0086) 

If metal pipe joint 42 that was obtained in this way is expanded using a mandrel, for example, the 
deformation resistance of the junction vicinity becomes small in the same manner as with method A. 
Therefore, motive energy in the pipe expansion operation can be conserved in comparison to the case in 
which a metal pipe joint that has a imiform internal diameter is expanded. In addition, pipe expansion is 
performed with a pipe expansion rate that is less than the end diameter expansion rate, so the problem that 
is specific to threaded connection methods - the decrease of airtightness that originates in the thread 
plastic-deformation - is solved. 

(0087) 

Next, the manufacturing method of a metal pipe joint for pipe expansion of the third embodiment of the 

present invention will be explained. Figure 5 (a) - (c) is a flow chart that shows the manufactvuing method 
of a metal pipe joint for pipe expansion of the third embodiment of the present invention (called "method 
C" hereafter). 

(0088) 

In the case of method C, the fact that any material (hat has deformability that can withstand the pipe 
expansion can be used for metal pipe 50 is the same as with method A. However, it differs from method A 
in that the ends of cylindrical metal pipes 50 are not expanded, but rather diffusion bonding is performed as 
they are, and the junction vicinity is deformed into a barrel shape at the time of diffusion bonding. 

(0089) 

Stated simply, the diameter of the end of cylindrical metal pipe 50 such as that shown in Figure 5 (a) is not 
expanded, 
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but instead they are butted and pressurized as they are (Figure 5 (b)), and the junction vicinity is heated 
through heat source 54. Also, as for the bonding method, a liquid phase difixision bonding method that 
performs bonding by placing insert material 36 on the bonding boundary as sho>\Ti in Figure 5 (b) may be 
used, or a solid phase difilision bonding method that docs not use insert material 36 may also be used. 

(0090) 

At this time, if the bonding conditions arc appropriate, the bonding boundary vicinity is deformed into a 
banel shape at the same time that diffusion bonding progresses on the bonding boundary, and it is possible 
to obtain metal pipe joint 52 in which the internal diameter d{3] of the junction has become larger than the 
intemal diameter do of the non-conjugative regions as in Figure 5 (c). In the present invention, the 
increment of the intemal diameter of the junction after diffusion bonding with respect to the minimum 
value of the intemal diameter of the non-conjugative regions of the metal pipe is called the lateral 
expansion rate, and it is defmed by the following Formula 3. 

(0091) 
(Formula 3) 

Lateral expansion rate -dy/^Q min 
Where: 

D3: Intemal diameter of the junction 

do min- Minimum value of the intemal diameter of the non-conjugative regions 
(0092) 

In the case of method C, it is desirable for the lateral expansion rate to be greater than 1 .04. If the lateral 

expansion rate is less than L04, there is the danger that the necessity to greatly plastic-defomn the junction 
will arise in the pipe expansion process described later and fissures will generate in the junction, so this is 
undesirable. 

(0093) 

Also, it would be acceptable to use the minimum expected value from the specifications as the minimum 
value do mia of the intemal diameter of the non-conjugative regions, and the fact that an actual measurement 
may also be used is the same as for Formula 1 . Moreover, from the perspective reducing the plastic stress 
of the junction at the time of pipe expansion and restricting the generation of fissures, the larger the lateral 
expansion rate is the better. Furthermore, from the perspective of making the deformation resistance small 
in the pipe expansion process, the longer the length (called the "expansion length" hereafter, expressed by 
"L3" within Figure 5 (c)) of the portion whose intemal diameter was increased through diffusion bonding is 
the better. 

(0094) 

Moreover, in the case of method C, it is necessary to actively plastic-deform the bonding boundary vicinity 
at the time of diffusion bonding, so with regard to the diffusion bonding conditions, it is necessary to select 
conditions obtained from the required lateral expansion rate, for example. Specifically, bonding should be 
performed under the following conditions. 

(0095) 

Singly stated, it is ideal for the bonding temperature to be within a range that is greater than 1250^ and 
less than 1400°C. If the bonding temperature is less than 1250°C, portions of insert material 36 will not 
melt, or the diffusion of elements will not be conducted sufficiently, causing the bonding strength to 
diminish. Moreover, if the bonding temperature is too low, the deformation resistance of metal pipe 50 will 
become large and the prescribed lateral expansion rate will not be obtained, so this is undesirable. 
Furthermore, if the bonding temperature is greater than 1400°C, there is the danger that the parent material 
will melt, so this is also undesirable. 



(0096) 



It is ideal for the retention time of the bonding temperature to be greater than 60 seconds. If the retention 
time is less than 60 seconds, it will not be possible to obtain a large lateral expansion rate, so this is 
undesirable. Also, from the perspective of making the lateral expansion rate large, the longer the retention 
time is die better, so the retention time should be adjusted such that the prescribed lateral expansion rate is 
obtained. 

(0097) 

Moreover, it is ideal for the pressure diat is applied to the bonding boundary to be greater than 2 MPa. If 
the applied pressure is less than 2 MPa, it will not be possible to obtain a large lateral expansion rate, so 
this is undesirable. Also, in the case of method C, from the perspective of making the lateral expansion rate 
large, the greater the applied pressure is the better, and it may even be greater than 5 MPa. However, if the 
lateral expansion rate exceeds the pipe expansion rate, inegularities will remain in the bonding boundary 
vicinity even after pipe expansion, and the bonding strength will diminish. Accordingly, it is desirable to 
adjust the applied pressure such that the lateral expansion rate is less than the pipe expansion rate. 

(0098) 

Furthermore, it is desirable for the heating width of the junction vicinity to be greater than 20 mm. If the 
heating width is less than 20 mm, the lateral expansion rate will become small and the expansion length L3 
will become short, so this is undesirable. From the perspective of making the deformation resistance at the 
time of pipe expansion small, the larger the lateral expansion rate and the longer the expansion length L3 is 
the better, and therefore, it is better for the heating width to be long. 

(0099) 

Also, (a) the fact that it is desirable for the surface roughness Rmax of the bonding surface to be less than 
50 ^m, (b) the fact that a Ni-family alloy or an Fe-family alloy of thickness less than 100 whose melting 
point is less than HOO^'C is preferable, and (c) the fact that there are no particular restrictions with regard to 
the shaped of insert material, and it is possible to use a foil, a powder, or a squamation insert material are 
all the same as with method A. 

(0100) 

Moreover, (a) the fact that a non-oxidizing atmosphere is preferable for the bonding atmosphere, and (b) 
the fact that high frequency induction heating or high frequency direct conduction heating that uses a high 
frequency current with a frequency less than 100 kHz is preferable for the heat source when performing 
diffrtsion bonding are also both the same as with method A, 

(0101) 

Next, pipe expansion is performed on metal pipe joint 52 that was manufactured as described above and 
has a prescribed lateral expansion rate. Specifically, mandrel 34 is inserted from one end of metal pipe joint 
52 as shown in Figure 5 (d), and mandrel 34 is then moved towards the other end of metal pipe joint 52. 

(0102) 

Also, (a) the fact that the pipe expansion rate may be arbitrarily chosen with consideration upon die 
deformability of metal pipe 50 and the application of metal pipe joint 52, and (b) the fact that it is possible 
to highly maintain the deformability of the junction vicinity if the bonding conditions are appropriate, so it 
is possible to perform pipe expansion with a pipe expansion rate that is greater than the end diameter 
expansion rate are both tfie same as with method A. 

(0103) 

Next, the effects of mediod C will be explained. If metal pipes 50 whose end internal diameters have not 
been expanded are butted, and the junction vicinity is actively plastic-deformed while like metal pipes 50 
are diffusion bonded to one another, then it is possible to easily obtain metal pipe joint 52 in which the 
internal diameter da of the junction has become larger than the internal diameter do of the non-conjugative 
regions. 



(0104) 



If a metal pipe joint 52 that was obtained in this way is expanded using a mandrel for exanq)le, the 
defomiation resistance of the junction vicinity becomes small in the same manner as with method A. 
Therefore, in coirq^arison to the case in which a metal pipe joint that has a uniform internal diameter is 
expanded. 
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it is possible to perform the pipe expansion operation smoothly, and it is also possible to conserve motive 
energy in the pipe expansion operation. 

(0105) 

Moreover, because the interna! diameter of the junction has become larger, it is possible to reduce the 
plastic stress of the junction at the time of pipe expansion. Therefore, as with method A, even in the case in 
which heat-affected regions generate in the junction vicinity and the deformability is diminished, the 
generation of fissures in the junction due to pipe expansion becomes unlikely, and it is possi1)le to obtain a 
metal pipe joint that is superior with respect to strength and airtightness. 

(0106) 

(Embodiment 1) 

Pipe expansion was performed on a metal pipe joint using method A. A carbon steel pipe made from 
American Petroleum Institution Grade H40 (this is notated as *'AP1 H40" hereafter) with an external 
diameter of 7 inches (178 mm) and wall thickness 0.231 inches (6 mm) was used for the metal pipe, and the 
end internal diameter of this steel pipe was expanded such that the end diameter expansion rate was 5%. 

(0107) 

Next, the end face of the expanded metal pipe was finished such that the surface roughness Rmax is less 
than 30 ^m, a Ni-family alloy foil with melting point of 1050°C and thickness of 50 fim that has a 
composition equivalent to JIS BNi-3 was placed on the bonding boundary of the metal pipe, and liquid 
phase diffusion bonding was performed. Furthermore, the obtained metal pipe joint was expanded using a 
mandrel such that the pipe expansion rate was 25%. 

(0108) 

Also, a high frequency induction heating method that uses a high frequency current with a frequency of 3 
kHz was used as the heating method for the junction. Moreover, the bonding conditions were such that the 
bonding temperature was 1300°C, the retention time was 180 seconds, and the applied pressure was 4 MPa, 
and bonding was performed in an Ar atmosphere. 

(0109) 

(Embodiments 2 - 3, Comparative Examples 1, 2) 

Apart from respectively setting the end diameter expansion rates of metal pipes 30 to 0% (Comparative 
Example 1), 3% (Comparative Example 2), 20% (Embodiment 2), and 25% (Embodiment 3), the 
manufacturing and expansion of the metal pipe joints were performed in accordance with the same 
procedures as with Embodiment 1. 

(0110) 

With respect to the metal pipe joints that were obtained in Embodiments 1 - 3 and Comparative Examples 1 
- 2, the maximum value of the level differences that generated on the inner periphery side of the junctions 
after bonding (this is simply called the "maximum level difference" hereafter) was measured. Moreover, a 
penetrant test was performed with respect to the junction surface after pipe expansion, and the presence of 
cracks was investigated. Furthermore, after the level differences alone that generated on the external 
periphery of the expanded joint were grinded with a grinder and set to less than 0.5 mm, an API 1 104 
specimen was extracted from this joint and tensile tests were conducted. The results are shown in Table 1 . 



(0111) 
(Table 1) 
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(0112) 

In Comparative Example 1 in which the end diameter expansion rate was taken to be 0%, the maximum 
level difference reached 4 mm. Moreover, multiple fissures were recognized in the penetrant test after pipe 
expansion. Furthermore, the tensile strength exhibited low strength of 283 MPa, and the specimen broke 
away from the bonding boundary. 

(0113) 

In Comparative Example 2 in which the end diameter expansion rate was taken to be 3%, the maximum 
level difference fell to 1 mm. Moreover, significant fissures were recognized in the jimction in the 
penetrant test after pipe expansion, but the number of fissures was less than in Comparative Example 1. 



Accordingly, the tensile strength improved to 467 MPa, but the specimen broke away from the bonding 
boundary, 

(0114) 

In contrast to this, in Embodiments 1 , 2, and 3 in which the end diameter expansion rates were respectively 
taken to be 5%, 20%, and 25%, the maximum level differences all fell to 0.5 mm. Moreover, no fissures 
were recognized on the bonding boundary in the penetrant tests following pipe expansion in any of the 
embodiments. Furthermore, the bonding strengths all exhibited strengths greater than 700 MPa, which is 
equivalent to that of the parent material, and the specimens broke away from the parent material side. 

(0115) 

From the above results, it became clear that if the end internal diameter of the metal pipe is expanded 
before the metal pipes are bonded such that a value greater than the prescribed end diameter expansion rate 
is achieved, it is possible to make the maximum level difference small. Moreover, it became clear that the 
greater the end diameter expansion rate is made, the more difficult it will be for fissures to generate in the 
junction at the time of pipe expansion, and a metal pipe joint with higher bonding strength can be obtained. 

(0116) 

(Embodiment 4) 

Pipe expansion was performed on a metal pipe joint using method A. A carbon steel pipe made from API 
H40 with an external diameter of 7 inches (178 mm) and wall thickness 0.231 inches (6 mm) was used for 
the metal pipe, and the end intemal diameter of this steel pipe was expanded such that the end diameter 
expansion rate was 1 5%. 
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(0117) 

Next, the end face of the expanded metaJ pipe was finished such that the surface roughness Rmax is less 
than 30 fim, an Fe-3B-3Si-lC alloy foil with melting point of 1200°C and thickness of 40 fim was placed 
on the bonding boundary of the metal pipe, and liquid phase diffusion bonding was performed. 
Furthermore, the obtained metal pipe joint was expanded using a mandrel such that the pipe expansion rate 
was 25%. 

(0118) 

Also, a high frequency induction heating method that uses a high frequency current with a frequency of 3 
kHz was used as the heating method for the junction. Moreover, the bonding conditions were such that the 
bonding temperature was 1250°C, the retention time was 60 seconds, and the applied pressure was 4 MPa, 
and bonding was performed in an Ar atmosphere. 

(01 19) 

(Embodiment 5) 

A Ni- family alloy foil with a melting point of 1 140X and thickness of 40 fim that has a composition 
equivalent to JIS BNi-5 was used as an insert material, and apart from retaining for 120 seconds at 1300°C, 
the manufacturing and expansion of the metal pipe joint were performed in accordance with the same 
procedures as with Embodiment 4. 

(0120) 

(Embodiment 6) 

A Ni-family alloy foil with a melting point of 1 140*^C and thickness of 40 //m that has a composition 
equivalent to JIS BNi-5 was used as an insert material, and apart from setting the bonding temperature to 
1400X and the retention time to 300 seconds, the manufacturing and expansion of the metal pipe joint 
were performed in accordance with the same procedures as with Embodiment 4. 

(0121) 

(Comparative Exanple 3) 

An Fe-2B-lSi alloy foil with a melting point of 1290''C and thickness of 40 //m was used as an insert 
material, and apart from setting the bonding temperature to 1400''C, the retention time to 300 seconds, and 
the applied pressure to 5 MPa, the manufacturing and expansion of the metal pipe joint were performed in 
accordance with the same procedures as with Embodiment 4. 

(0122) 

With respect to the metal pipe joints that were obtained in Embodiments 4-6 and Comparative Example 3, 
maximum level difference tests, penetrant tests, and tensile tests were conducted in accordance with the 
same procedures as with Embodiment 1 . The results are shown in Table 2. 



(0123) 
(Table 2) 
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(0124) 

In Comparative Example 3 in which an insert material with a melting point of 1290°C was used, although 
the retention time was taken to be 300 seconds, fissures were recognized in the junction in the penetrant test 
following pipe expansion. Moreover, the tensile strength was 417 MPa and the specimen broke away from 
the bonding boundary. This is thought to have been because the diffusion of elements is not sufficiently 
performed on the bonding boundary because the melting point of the insert material is high, and thus the 
defomnability of the bonding boundary vicinity is diminished. 



(0125) 



In contrast to this, in Embodiment 4 in which an insert material with a melting p>oint of 1200°C was used, 
and in Embodiments 5 and 6 in which an insert material with a melting point of 1 MO'^C was used, no 
fissures were recognized on the bonding boundary in the penetrant test following pipe expansion for any of 
the embodiments. Moreover, the bonding strengths all exhibited strengths greater than 700 MPa, which is 
equivalent to that of the parent material, and the specimens broke away from the parent material side. 

(0126) 

Also, all of the end diameter expansion rates of the metal pipes were taken to be 1 5% in Embodiments 3-6 
and Coir^jarative Example 3, so all of the maximum level differences were 0.5 mm. 

(0127) 

From the above results, it became clear that if an insert material with a melting point that is less than 

1200°C is used in the case in which metal pipes are liquid phase diffusion bonded, then fissures will not 
generate on the junction following pipe expansion and metal pipe joints with high bond strength can be 
obtained. 

(0128) 

(Embodiment 7) 

Pipe expansion was performed on a metal pipe joint using method A. A carbon steel pipe made from API 
H40 with an external diameter of 7 inches (178 mm) and wall thickness 0.231 inches (6 mm) was used for 
the metal pipe. 
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and the end internal diameter of this steel pipe was expanded such that the end diameter expansion rate was 
15%. 

(0129) 

Next, the end &ce of the expanded metal pipe was fmished such that the surface roughness Rmax is less 
than 30 //m, a squamation Ni- family alloy with a melting point of 1 140°C that has a composition equivalent 
to JIS BNi-5 was placed on the bonding boundary of the metal pipe such that the thickness was 100 //m, 
and liquid phase diffusion bonding was performed. Furthermore, the obtained metal pipe joint was 
expanded using a mandrel such that the pipe expansion rate was 25%. 

(0130) 

Also, a high frequency induction heating method that uses a high frequency current with a frequency of 3 
kHz was used as the heating method for the junction. Moreover, the bonding conditions were such that the 
bonding temperature was 1300^C, the retention time was 180 seconds, and the applied pressure was 4 MPa, 
and bonding was performed in an Ar atmosphere. 

(0131) 

(Embodiment 8) 

A Ni-family alloy powder that has a composition equivalent to JIS BNi-5 was used as an insert material, 
and this was placed on the bonding boundary of the metal pipe such that the thickness was 30 ^m. Apart 
from retaining for 60 seconds at the bonding temperature, the manufacturing and expansion of the metal 
pipe joint were performed in accordance with the same procedures as with Embodiment 7. 

(0132) 

(Embodiment 9) 

A Ni-family alloy foil with thickness of 40 //m that has a composition equivalent to JIS BNi-5 was used as 
an insert material, and apart from setting the bonding temperature to 1250°C and the retention time to 60 
seconds, the manufacturing and expansion of the metal pipe joint were performed in accordance with the 
same procedures as with Embodiment 7. 

(0133) 

(Comparative Example 4) 

A Ni-family alloy foil with thickness of 200 tliat has a composition equivalent to JIS BNi-5 was used as 
an insert material, and apart from setting the bonding temperature to 1400°C and the retention time to 300 
seconds, the manufacturing and expansion of the metal pipe joint were performed in accordance with the 
same procedures as with Embodiment 7. 

(0134) 

(Con^>arative Example 5) 

A Ni-family alloy foil with thickness of 40;/m that has a composition equivalent to JIS BNi-5 was used as 
an insert material, and apart from setting the bonding temperature to 1450°C and the retention time to 60 
seconds, the manufacturing and expansion of the metal pipe joint were performed in accordance with the 
same procedures as with Embodiment 7. 

(0135) 

With respect to the metal pipe joints that were obtained in Embodiments 7-9 and Comparative Examples 4 
- 5, maximum level difference tests, penetrant tests, and tensile tests were conducted in accordance with the 
same procedures as with Embodiment 1 . The results are shown in Table 3. 



(0136) 
(Table 3) 
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(0137) 

In Comparative Example 4 in which the thickness of the insert material was taken as 200 fim, although the 
retention time was taken to be 300 seconds, fissiu-cs were recognized in the junction in the penetrant test 
following pipe expansion. Moreover, the tensile strength was 588 MPa, and the specimen broke away from 
the bonding boundary. This is thought to have been because the elements contained in the insert material 
were not sufficiendy diffused because the insert material was thick, and thus the deformability of the 
bonding boundary vicinity was diminished. 



(0138) 



Moreover, in Comparative Example 5 in which the bonding temperature was taken as I450^C, melting 
damage occurred in the junction vicinity. Also, fissures were recognized in the junction in the penetrant test 
following pipe expansion. Furthermore, the tensile strength was 657 MPa, and the specimen broke away 
from the bonding boundary. 

(0139) 

In contrast to this, in Embodiments 7, 8, and 9 in which the thickness of the insert material was set below 
100 //m and the bonding temperature was set below 1400*'C, no melting damage was recognized in any of 
tlie junctions, and no fissures were recognized on the bonding boundary in the penetrant test following pipe 
expansion for any of the embodiments. Moreover, the bonding strengths all exhibited strengths greater than 
700 MPa, which is equivalent to that of the parent material, and the specimens broke away from the parent 
material side. 

(0140) 

Also, all of the end diameter expansion rates of the metal pipes were taken to be 15% in Embodiments 7-9 
and Con^arative Examples 4 - 5, so all of the maximum level differences were 0.5 mm. 

(0141) 

From the above results, it became clear that if the width of the insert material is set to 100 /nn in the case in 
which metal pipes arc liquid phase diffusion bonded, then fissures will not generate on the jxmction 
following pipe expansion and metal pipe joints with high bond strength can be obtained. Moreover, it also 
became clear that it is necessary to set the bonding temperature to less than 1 400*^0 in order to suppress 
melting damage of the junction. 
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(0142) 

(Embodiment 10) 

Pipe expansion was performed on a metal pipe joint using method A. A carbon steel pipe made from API 
H40 with an external diameter of 7 inches (178 mm) and wall thickness 0.23 1 inches (6 mm) was used for 
the metal pipe, and the end internal diameter of this steel pipe was expanded such that the end diameter 
expansion rate was 1 5%. 

(0143) 

Next, the end face of the expanded metal pipe was finished such that the surface roughness Rmax is less 
than 30 /im, a Ni-family alloy foil with a melting point of 1 140°C and thickness of 40 //m that has a 
composition equivalent to JIS BNi-5 was placed on the bonding boundary of the metal pipe, and liquid 
phase diffusion bonding was performed. Furthermore, the obtained metal pipe joint was expanded using a 
mandrel such that the pipe expansion rate was 25%. 

(0144) 

Also, a high frequency induction heating method that uses a high frequency current with a frequency of 3 
kHz was used as the heating method for the junction. Moreover, the bonding conditions were such thai the 
bonding temperature was HOO'^C, the retention time was 30 seconds, and the applied pressure was 5 MPa, 
and bonding was performed in an Ar atmosphere. 

(0145) 

(Embodiment 1 1) 

Apart from setting the retention time at the bonding temperature to 300 seconds and the applied pressure to 
1.5 MPa, the manufacturing and expansion of the metal pipe joint were performed in accordance with the 
same procedures as with Embodiment 10. 

(0146) 

(Comparative Example 6) 

Apart from setting the retention time at the bonding temperature to 15 seconds, the manufacturing and 
expansion of the metal pipe joint were performed in accordance with the same procedures as with 
Embodiment 10. 

(0147) 

(Con^arative Exanple 7) 

A Ni-family alloy foil with thickness of 30 ^m that has a composition equivalent to JIS BNi-5 was used as 
an insert material, and apart from setting the retention time at the bonding temperature to 300 seconds and 
the applied pressure to 1 MPa, the manufacturing and expansion of the metal pipe joint were performed in 
accordance with the same procedures as with Embodiment 10. 

(0148) 

(Conq)arative Example 8) 

Apart from setting the bonding temperature to 1250°C. the retention time to 300 seconds, and the applied 
pressure to 7 MPa, the manufacturing and expansion of the metal pipe joint were performed in accordance 
with the same procedures as with Embodiment 10. 

(0149) 

With respect to the metal pipe joints that were obtained in Embodiments 10-11 and Comparative 
Examples 6 - 8, maximum level difference tests, penetrant tests, and tensile tests were conducted in 
accordance with the same procedures as with Embodiment 1 . The results are shown in Table 4. 

(0150) 
(Table 4) 
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In Coir^arative Example 6 in which the retention time at the bonding temperature was taken as 15 seconds, 
fissures were recognized in the junction in the penetrant test following pipe expansion. Moreover, the 
tensile strength was 563 MPa. and the specimen broke away from the bonding boundary. This is thought to 
have been because the diffusion of elements was not sufficiently performed because the retention time was 
short, and thus the deformability of the bonding boundary vicinity was diminished. 



Moreover, in Conparative Example 7 in which the applied pressure was taken as 1 MPa, although the 
retention time at the bonding temperature was taken as 300 seconds, fissures were recognized in the 



junction in the penetrant test following pipe expansion. Also, the tensile strength was 628 MPa, and the 
specimen broke away from the bonding boundary. This is thought to have been because the bonding 
boundary did not sufficiently adhere and partially unbonded portions generated because the applied 
pressure was low, and therefore the deformability of the entire bonding boundary was diminished. 

Furthermore, in Comparative Exanq)le 8 in which the applied pressure was taken as 7 MPa, although the 
bonding temperature was reduced to 1250°C, excessive deformation occurred in the junction vicinity. 
Moreover, fissures were recognized in the junction in the penetrant test following pipe expansion. 
Furthermore, the tensile strength was 687 MPa, and the specimen broke away from the bonding boundary. 

(0154) . . 

In contrast to this, in Embodiment 10 in which the applied pressure was set to 5 MPa and the retention time 
was set to 30 seconds, and in Embodiment 1 1 in which the applied pressure was set to 1.5 MPa and the 
retention time was set to 300 seconds, no fissures were recognized on the bonding boundary in the 
penetrant test following pipe expansion for either of the embodiments. Moreover, the bonding strengths 
both exhibited strengths greater than 700 MPa, which is equivalent to that of the parent material, and the 
specimens broke away from the parent material side. 
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Also, all of the end diameter expansion rates of the metal pipes were taken to be 15% in Embodiments 10 - 
1 1 and Conq)arative Examples 6 - 8, so all of the maximum level differences were 0.5 mm. 

(0156) 

From the above results, it became clear that if the applied pressure is set greater than 1 .5 MPa and less than 
5 MPa in the case in which metal pipes are liquid phase difiiision bonded, then fissures will not generate on 
the junction following pipe expansion and metal pipe joints with high bond strength can be obtained. 

(0157) 

(Embodiment 12) 

Pipe expansion was performed on a metal pipe joint using method A. A steel pipe was used with an 
external diameter of 10.75 inches (269 mm) and wall thickness 0.5 inches (13 mm) made from American 
Petroleum Institution Grade LC52-1200 (called "LC52-1200" hereafter), which is a type of martensitic 
stainless steel, and the end internal diameter of this steel pipe was expanded such that the end diameter 
expansion rate was 1 5%. 

(0158) 

Next, the end face of the expanded steel pipe was finished such that the surface roughness Rmax is less 
dian 50 /^m, a Ni-family alloy foil with mehing point of 1 140°C and thickness ofAOfim that has a 
corrq)Osition equivalent to JIS BNi-5 was placed on the bonding boundary of the metal pipe, and liquid 
phase diffusion bonding was performed. Furthermore, the obtained metal pipe joint was expanded using a 
mandrel such that the pipe expansion rate was 25%. 

(0159) 

Also, a high frequency induction heating method that uses a high fi^equency current with a frequency of 3 
kHz was used as the heating method for the junction. Moreover, the bonding conditions were such that the 
bonding temperature was 1 300°C, the retention time was 120 seconds, and the applied pressure was 4 MPa, 
and bonding was performed in an Ar atmosphere. 

(0160) 

(Embodiment 13) 

Apart from setting the bonding ten^erature to 1350^C, the retention time to 2 10 seconds, the applied 
pressure to 3.5 MPa, and the frequency of the high frequency current that flows through the induction coil 
to 100 kHz, the manufacniring and expansion of the metal pipe joint were performed in accordance with 
the same procedures as with Embodiment 12. 

(0161) 

(Embodiment 14) 

Apart from setting the bonding temperature to 1350**C, the retention time to 210 seconds, the applied 
pressure to 3,5 MPa, and performing bonding with a high frequency direct conduction heating method that 
uses a high frequency current with frequency of 25 kHz, the manufacturing and expansion of the metal pipe 
joint were performed in accordance with the same procedures as with Embodiment 12. 

(0162) 

(Comparative Example 9) 

Apart from setting the surface roughness Rmax of the bonding surface to 100 //m, the bonding temperature 
to 1400*^0, and the retention time to 300 seconds, the manufacturing and expansion of the metal pipe joint 
were performed in accordance with the same procedures as with Embodiment 12. 

(0163) 

(Comparative Example 10) 

Apart from setting the retention time at the bonding temperature to 300 seconds, the applied pressure to 5 
MPa, and the frequency of the high frequency current that flows through the induction coil to 400 kHz, the 



manufacturing and expansion of the metal pipe joint were performed in accordance with the same 
procedures as with Embodiment 12. 

(0164) 

With respect to the metal pipe joints that were obtained in Embodiments 12-14 and Comparative 
Examples 9-10, maximum level difference tests, penetrant tests, and tensile tests were conducted in 
accordance with the same procedures as with Embodiment 1. The results are shown in Table 5. 



(0165) 
(Table 5) 
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(0166) 

In Comparative Example 9 in which the surface roughness Rmax of the bonding boundary was set to 
100 //m, although diffusion bonding was performed under conditions of relatively high temperature, high 
pressure, and long time, fissures were recognized in the junction in the penetrant test following pipe 
expansion. Moreover, the tensile strength was 477 MPa, and the specimen broke away from the bonding 
boundary. This is thought to have been because it was not possible to fill with melted Ni alloy the 
irregularities that were present on the bonding boundary because the surface texture was rough, and 
therefore the deformability of the entire bonding boundary was diminished. 



(0167) 



Likewise, in Comparative Example 10 in which induction heating was performed using a high frequency 
current with a frequency of 400 MPa [sic], although difTusion bonding was performed under conditions of 
relatively high tenpcraturc, high pressure, and long time, fissures were recognized in the junction in the 
penetrant test following pipe expansion. Moreover, the tensile strength was 43 1 MPa, and the specimen 
broke away from the bonding boundary. This is thought to have been because the entire bonding boundary 
did not heat uniformly and unbonded portions generated on the inner periphery side of the metal pipe 
because the frequency was high, and therefore the deformability of the entire bonding boundary was 
diminished. 

(0168) 

In contrast to this, in Embodiments 12 - 14 in which the surface roughness Rmax of the bonding boundary 
was set to 50 ^m and a high frequency current with a frequency less than 100 kHz was used, no fissures 
were recognized on the bonding boundary in the penetrant test following pipe expansion for any of the 
embodiments. Moreover, the bonding strengths all exhibited strengths greater than 700 MPa, which is 
equivalent to that of the parent material, and the specimens broke away from the parent material side. 

(0169) 

Also, all of the end diameter expansion rates of the metal pipes were taken to be 1 5% in Embodiments 12 - 
14 and Comparative Examples 9 - 10, so all of the maximum level differences were 0.5 mm. 
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(0170) 

From the above results, it became clear that if the surface roughness Rmax of the bonding boundary is set 
to 50 pan in the case in which metal pipes are liquid phase diffiision bonded, then fissures will not generate 
on the junction following pipe expansion and metal pipe joints with high bond strength can be obtained. 
Moreover, it became clear that if the frequency of the high frequency current is set below 100 kHz in the 
case in which the bonding boimdary is heated through high frequency induction heating or high frequency 
direct conduction heating, it is possible to restrain the reduction of deformability that originates from the 
generation of imbonded portions. 

(0171) 

(Embodiment 15) 

Pipe expansion was performed on a metal pipe joint using method B. A carbon steel pipe made from API 
40H with an external diameter of 7 inches (178 mm) and wall thickness 0.231 inches (6 mm) was used for 
the metal pipe, and the end internal diameter of this steel pipe was expanded such that the end diameter 
expansion rate was 10%. 

(0172) 

Next, external thread was established on the end faces of the expanded metal pipes, and like metal pipes 
were fastened to one another with a coupling that has internal thread that can screw into this external 
thread. Furthermore, the obtained metal pipe joint was expanded using a mandrel such that the pipe 
expansion rate was 10%. 

(0173) 

(Embodiment 16) 

Apart from setting the end diameter expansion rate of the metal pipe to 25% and expanding the metal pipe 
joint with a 25% pipe expansion rate, the manufacturing and expansion of the metal pipe joint were 
performed in accordance with the same procedures as with Embodiment 15. 

(0174) 

(Embodiment 1 6 [sic]) 

Apart from using as the metal pipe a steel pipe made from LC52-1200 with an external diameter of 10.75 
inches (273 mm) and wall thickness 0.5 inches (127 mm), setting the end diameter expansion rate to 25%, 
and expanding the metal pipe joint with a 25% pipe expansion rate, the manufacturing and expansion of the 
metal pipe joint were performed in accordance with the same procedures as with Embodiment 15, 

(0175) 

(Comparative Example 11) 

Apart from setting the end diameter expansion rate of the metal pipe to 0%, the manufacturing and 
expansion of the metal pipe joint were performed in accordance with the same procedures as with 
Embodiment 15. 

(0176) 

(Comparative Example 12) 

Apart from using as the metal pipe a steel pipe made from LC52-1200 with an external diameter of 10.75 
inches (273 mm) and wall thickness 0.5 inches (127 mm), setting the end diameter expansion rate to 15%, 
and expanding the metal pipe joint with a 25% pipe expansion rate, the manufacturing and expansion of the 
metal pipe joint were performed in accordance with the same procedures as with Embodiment 15. 

(0177) 

Hydraulic pressure tests were conducted with respect to each of the metal pipe joints that were obtained in 
Embodiments 15-17 and Comparative Exanq)les 11-12. The results are shown in Table 6. 



(0178) 
(Table 6) 



[see source for numbers and English] 
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Generation 


Satisfactory 


Satisfactory 


Satisfactory 


Leak 
Generation 
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(0179) 

With respect to Comparative Example 1 1 in which the end diameter expansion rate was set to 0% and the 
metal pipe joint was expanded with a 10% pipe expansion rate, water leaks generated from the junction 
after having performed a hydraulic pressure test with 2100 psi pressure. 



(0180) 

In contrast to this, in Embodiment 15 in which both the end diameter expansion rate and the pipe expansion 
rate were set to 10%, and in Embodiment 16 in which both the end diameter expansion rate and the pipe 
expansion rate were set to 25%, water leaks did not generate from either of the junctions even when 
hydraulic pressure tests were performed with 2100 psi pressure. 

(0181) 

Moreover, with respect to Comparative Exanqsle 12 in which the end diameter expansion rate was set to 
15% and the metal pipe joint was expanded with a 20% pipe expansion rate, water leaks generated from the 
junction after having performed a hydraulic pressure test with 3000 psi pressure. 

(0182) 

In contrast to this, in Embodiment 1 7 in which both the end diameter expansion rate and the pipe expansion 
rate were set to 25%, water leaks did not generate from the junction even when a hydraulic pressure test 
was performed with 3000 psi pressure, and a satisfactory metal pipe joint was obtained. 

(0183) 

From the above results, it became clear that, in the case in which a metal pipe joint that was bonded with a 
threaded connection ttiethod is expanded, if pipe expansion is performed with a pipe expansion rate that is 
less than the end diameter expansion rate, a metal pipe joint that is superior with respect to airtightness can 
be obtained. 

(0184) 

(Embodiment 18) 

Pipe expansion was performed on a metal pipe joint using method C. A steel pipe made from STKM12B 
(JIS G3445) with an external diameter of 140 mm and wall thickness of 7 mm was used for the metal pipe. 
The end face of this steel pipe was frnished such that the surface roughness Rmax is less than 30 ^m, a Ni- 
family alloy foil with a melting point of 1050X and thickness of 50 //m that has a composition equivalent 
to JIS BNi-3 was placed on the bonding boundary, and diffusion bonding was performed. Furthermore, the 



obtained metal pipe joint was expanded with a mandrel such that the pipe expansion rate was between 5 - 
25%. 



(0185) 

Also, a high frequency induction heating method thai used a high frequency current with a frequency of 3 
kHz was used as the heating method for the jimction, and two types of coils were used for the heating coils 
- a coil in which the heating width is 20 mm, and a coil in which the heating width is 40 mm. 
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(0188) 

It can be seen from Table 7 thai the expansion length becomes longer as a heating coil with a long heating 
mdth is used. In other words, it can be seen that the expansion length becomes 40-50 mm if the heating 
width is set to 20 mm, and the expansion length becomes 80 - 90 mm if the heating width is set to 40 mm. 

(0189) 

Moreover, it can be seen from Table 7 that, in the case in which the expansion length is set between 40 - 50 
mm, a metal pipe joint is obtained in which pipe expansion can be performed with a larger pipe expansion 
rate as the lateral expansion rate becomes larger. 

(0190) 

Stated simply, in the case in which the lateral expansion rate is 1.00, cracks abready generated on the 
bonding boundary when the pipe expansion rate was 10%, and a sound metal pipe joint was not obtained 
(Test Number 1). When the lateral expansion rate was set to 1 .02, a sound metal pipe joint was obtained in 
the case in which the pipe expansion rate was less than 1 5%, but fissures generated in the juiKtion when the 
pipe expansion rate was greater than 20% (Test Number 3). 

(0191) 

In contrast to this, when the lateral expansion rate was set greater than 1 .04 (Test Numbers 5, 7, 9, and 1 1), 
no fissures generated in the junctions even when the pipe expansion rate was set to 20%, and sound metal 
pipe joints that have strengtlis equivalent to the parent material were obtained. 

(0192) 

The case in which the expansion length was set between 80 - 90 mm was the same, and it can be seen that a 
metal pipe joint is obtained in which pipe expansion can be performed with a larger pipe expansion rate as 
the lateral expansion rate becomes larger (Test Numbers 2, 4, 6, 8, 10). 

(0193) 

Furthermore, it can be seen from Table 7 that, in the case in which tlie lateral expansion rate is made to be 
uniform, there is a tendency for metal pipe joints to be obtained that can withstand pipe expansion with a 
larger pipe expansion rate as the expansion length becomes longer. In other words, in the case in which the 
lateral expansion rate was 1.02 and the expansion length was 40 mm, fissures generated in the jimction 
when pipe expansion was performed with a pipe expansion rate of 20% (Test Number 3). On the other 
hand, in the case in which the expansion length was set to 80 mm, no fissures generated in the joint even 
when pipe expansion was performed with a pipe expansion rate of 20%, and a sound joint that has strength 
equivalent to the parent material was obtained (Test Number 4). 

(0194) 

Likewise, in the case in which the lateral expansion rate was 1 .04 and the expansion length was 45 mm, 
fissures generated in the junction when pipe expansion was performed with a pipe expansion rate of 25% 
(Test Number 5). On the other hand, in the case in which the expansion length was set to 90 mm, no 
fissures generated in the junction even when pipe expansion was performed with a pipe expansion rate of 
25%, and a sound joint that has the strength equivalent to the parent material was obtained (Test 
Number 6). 

(0195) 

From the above results, it became clear that if metal pipes whose ends have not been expanded are butted 
and the bonding boundary vicinity is deformed into a barrel sliape with a prescribed lateral expansion rate 
at the time of diffusion bonding, then fissures will not generate in the junction even in the case in which 
pipe expansion is performed with a high pipe expansion rate, and a sound metal pipe joint with high 
bonding strength can be obtained. 
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(0196) 

(Embodiment 19) 

Pipe expansion was performed on a metal pipe joint using method A\ A carbon steel pipe made from API 
H40 with an external diameter of 7 inches (178 nrun) and wall thickness 0.231 inches (6 mm) was used for 
the metal pipe, and the end internal diameter of this steel pipe was expanded such that the end diameter 
expansion rate was 5%. 

(0197) 

Next, grooves were formed on the end faces of the expanded metal pipes, and the metal pipes were welded 
with a gas shield arc welding method. Furthermore, the obtained metal pipe joint was expanded using a 
mandrel such that the pipe expansion rate was 25%. 

(0198) 

Also, welding was performed using JIS YGW21 (01.2 mm) as the welding wire and a mixed gas of Ar + 
20%CO2 as the shield gas, with a 280A welding current. 

(0199) 

(Embodiments 20-21, Comparative Examples 13 - 14) 

Apart from respectively setting the end diameter expansion rates of metal pipes 30 to 0% (Comparative 
Example 13), 3% (Comparative Example 14), 10% (Embodiment 20), and 15% (Embodiment 21), the 
manufacturing and expansion of the metal pipe joints were performed in accordance with the same 
procedures as with Embodiment 19. 

(0200) 

With respect to the metal pipe joints that were obtained in Embodiments 19-21 and Comparative 
Examples 13-14, penetrant tests and tensile tests were performed in accordance with the same procedures 
as with Embodiment 1 . The results are shown in Table 8. 

(0201) 
(Table 8) 



[see source for numbers and English] 
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(0202) 

In Comparative Example 13 in which the end diameter expansion rate was set to 0%, multiple fissures were 
recognized in the junction in the penetrant test following pipe expansion. Furthermore, the tensile strength 
exhibited low strength of 3 1 7 MPa, and the specimen broke away from the welded section. 



(0203) 

Likewise, in Comparative Exanqsle 14 in which the end diameter expansion rate was set to 3%, significant 
fissures were recognized in the junction in the penetrant test following pipe expansion, but the number of 
fissures was less than in Comparative Exanple 13. Accordingly, the tensile strength improved to 495 MPa, 
but the specimen broke away from the welded section. 

(0204) 

In contrast to this, in Embodiments 19, 20, and 21 in which the end diameter expansion rates were 
respectively set to 5%, 10%, and 15%, no fissures were recognized on the bonding boundary in the 
penetrant tests following pipe expansion in any of the embodiments. Furthermore, the bonding strengths all 
exhibited strengths greater than 700 MPa, which is equivalent to that of the parent material, and the 
specimens broke away from the parent material side. 

(0205) 

From the above results, it became clear that if the end internal diameter of the metal pipe is expanded 
before the metal pipes are welded such that a value greater than the prescribed end diameter expansion rate 
is achieved, it becomes more difficult for fissures to generate on the junction at the time of pipe expansion 
as the end diameter expansion rate becomes larger, and a metal pipe joint with higher bonding strength can 
be obtained. 

(0206) 

The embodiments of the present invention were described in detail above, but the present invention is in no 
way limited to the embodiments described above, and various alterations are possible within a scope that 
does not deviate from the purport of the present invention. 

(0207) 

For example, there are no particular restrictions regarding the shape of the mandrel that is used for pipe 
expansion, and it would be acceptable to use a tapered mandrel or a mandrel that has a roller on the tapered 
surface. 

(0208) 

Moreover, there are also no particular restrictions regarding the drive means for the mandrel. For example, 
it would be acceptable to affix a shaft to the base surface of the mandrel, and then drive the mandrel into 
the metal pipe joint using that shaft. 
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Alternatively, it would also be acceptable to apply hydraulic pressure to the base surface of the mandrel, 
and then move it through the metal pipe joint from one end to the other with hydraulic pressure. 

(0209) 

Moreover, in the embodiments described above, a diffusion bonding method, a threaded connection 
method, or a welding method was used to bond metal pipe joints in which the internal diameter of the 
junction has become larger than the internal diameter of the non-conjugative regions, but the bonding 
method of the metal pipes joints is not limited to these methods. For example, it would also be acceptable 
to form a metal pipe joint by bonding metal pipes with a friction pressure welding method. 

(0210) 

Furthermore, the metal pipe joint for pipe expansion and its manufacturing method of the present invention 
are particularly suited for oil well pipes for casing that is buried beneath the earth and the manufacturing 
method thereof, but the applications of the present invention are not limited to oil well pipes, and it is 
possible to use them as casing that is used in natural gas wells, geothermal wells, hot spring wells, and 
water wells, or as line pipe that is laid on the ground surface or as plumbing for plants and the 
manufactiu:ing methods thereof. By doing so, it is possible to obtain effects equivalent to those of the 
embodiments above. 



(0211) 

(Effects of the Invention) 

The metal pipe joint for pipe expansion and its manufacturing method of the present invention uses an 
industrial tool such as a mandrel to expand a metal pipe joint in which the internal diameter of the jimction 
has become larger than the internal diameter of the non-conjugative regions, so the deformation resistance 
when expanding the metal pipe joint becomes small. Therefore, it is possible to perform the pipe expansion 
operation smoothly, and there is the effect that motive energy of the pipe expansion operation is also 
conserved. 



(0212) 

Moreover, if the diameter of the end of the metal pipe is expanded in advance with a prescribed end 
diameter expansion rate and such metal pipes are butted and diffusion bonded or welded, then it is possible 
to easily obtain a metal pipe joint in which the internal diameter of the jimction has become larger than the 
internal diameter of the non-conjugative regions. 

(0213) 

Furthermore, in the case in which such a metal pipe joint is expanded, it is possible to make the plastic 
stress of the junction small in comparison to the plastic stress of the non-conjugative regions. Therefore, 
even in the case in which heat-affected regions generate at the time of diffusion bonding or welding and the 
deformability of the junction vicinity is diminished, there is the effect that it becomes difficult for fissures 
to generate on the junction, and a metal pipe joint that is superior with respect to strength and airtightness 
can be obtained. 



(0214) 

Moreover, if metal pipes whose end internal diameters have been expanded with a prescribed end diameter 
expansion rate are bonded with a threaded coimection method to form a metal pipe joint, there is the effect 
that the thread portions do not plastic-deform, so there is no decrease in airtightness that originates from 
loose thread. 



(0215) 

Moreover, even m the case in which like metal pipes whose ends have not been expanded are butted and 
the junction is deformed into a barrel shape with a prescribed lateral expansion rate at the same time that 
the metal pipes are diffuse bonded, it is possible to easily obtain a metal pipe joint in which the internal 
diameter of the junction has become larger than the internal diameter of the non-conjugative regions. 



Therefore, if such a metal pipe joint is expanded with a prescribed pipe expansion rate, there is the effect 
that a metal pipe joint that is superior with respect to strength and airtightness can be obtained. 

(0216) 

Furthermore, in the case in which the ends of metal pipes are expanded in advance with a prescribed end 
diameter expansion rate and such metal pipes are butted and diffusion bonded, it is possible to reduce the 
level differences that generate on the inner periphery side of the junction, even if there is variation in the 
dimensions of each metal pipe. Therefore, even if pipe expansion is performed, there is no danger of the 
generation of fissures that originate from stress concentration, so there is the effect that a metal pipe joint 
diat is superior with respect to strength, fatigue characteristics, and corrosion resistance can be obtained. 

(0217) 

As described above, through the metal pipe joint for pipe expansion and its manufacturing method, it is 
possible to easily obtain a metal pipe joint in which the energy expenditure required for pipe expansion is 
small, airtightness and strength are superior, and the level differences that generate in the junction are 
small. Therefore, it this is applied to an oil well pipe or line pipe, for example, it will contribute to 
significant cost reduction and reliability inq>rovcment in the oil drilling operation or pipe laying operation, 
and the present invention is an invention in which these effects are extremely large industrially. 



(Brief Description of the Drawings) 
(Figure 1) 

A flow chart that shows the metal pipe joint for pipe expansion and its manufacturing method of the furst 
embodiment of the present invention. 

(Figure 2) 

A flow chart that shows the pipe expansion method of the metal pipe joint for pipe expansion shown in 
Figure 1 (d). 

(Figure 3) 

A flow chart that shows the metal pipe joint for pipe expansion and its manufacturing method of the second 
embodiment of the present invention. 

(Figure 4) 

A flow chart that shows the pipe expansion method of the metal pipe joint for pipe expansion shown in 
Figure 2 (d). 

(Figure 5) 

Figure 5 (a) - (c) is a flow chart that shows metal pipe joint for pipe expansion and its manufacturing 
method of the third embodiment of the present invention, and Figure 5 (d) is a figure that shows the 
expansion method of the metal pipe for pipe expansion shown in Figure 5 (c). 

(Figure 6) 

A cross sectional diagram that shows the typical structure of an oil well. 

(Figure 7) 

A cross sectional diagram that shows the threaded connection method (mechanical coupling method). 



(Explanation of Symbols) 



30, 40, 50 
32, 42, 52 
34 



Metal Pipes 
Metal Pipe Joints 
Mandrel 
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(Figure 1) 
(c) 

Machine work Machine work 

(Figure 3) 

(Figure 2) 
Applied pressure 

(Figure 6) 
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(Figure 4) 
Applied pressure 

(Figure 7) 

(Figure 5) 
(b) 

Applied pressure Applied pressure 
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